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ABSTRACT
The effects of cooking temperature, refrigerated 
storage, and the presence of sodium tripolyphosphate (STP) 
and soy protein isolate (SPI) on the development of warmed- 
over flavor (WOF) in restructured beef roasts were studied. 
In Phase 1, restructured beef roasts were cooked in a water 
bath at temperatures of 70, 85 and 100°C. In Phase 2, four 
types of roasts containing all combinations of STP and SPI 
were cooked in a water bath at 70 and 100°C. The cooked 
roasts in both phases were then stored at 4°C for 0 and 3 
days. Higher cooking temperatures and longer storage 
periods tended to increase oxidation as measured by thiobar- 
bituric acid (TBA) analysis. Sensory panelists detected 
differences in WOF due to storage but not cooking tempera­
ture. Significant interactions between cooking temperature 
and storage indicated that oxidation proceeded more rapidly 
at higher cooking temperatures. Correlations between TBA 
values and total lipids, phospholipids, and nonheme iron 
indicate that these factors may contribute to lipid oxida­
tion. Both STP and SPI inhibited oxidation, STP being more 
effective at higher cooking temperatures while SPI at lower 
cooking temperatures. Their effect was not detected sen­
sorial ly. The antioxidants also may have a synergistic 
effect in inhibiting oxidation. In addition, their an- 
tioxidative effects may be concentration dependent. Lower 
cooking temperatures resulted in higher cook yields.
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Moisture content, expressible moisture, and water-binding 
were also considerably greater at lower cooking tempera­
tures, while Instron shear force values and sensory scores 
tended to be higher but not significant. Dehydration of the 
roasts occurred during storage accompanied by an increase in 
water-binding and in Instron shear force values. Sensory 
panelists rated the stored roasts less juicy and less tender 
than roasts that were not stored. Incorporation of STP and 
SPI resulted in higher, though nonsignificant, cook yields. 
In the presence of STP, the total moisture of the cooked 
product was significantly greater than when STP was omitted. 
No differences in juiciness and tenderness were detected by 
the sensory panelists due to STP and SPI. This study indi­
cates that flavor and textural stability can be improved by 
incorporating antioxidants, cooking at lower temperatures, 




Flavor and texture are two important quality attributes 
used to subjectively evaluate the sensory characteristics of 
food. With the emergence and eventual proliferation of 
frozen precooked ready-to-eat entrees and convenience foods, 
flavor and texture will assume an integral role in the suc­
cessful development of these products.
Warmed-over flavor is probably the most significant 
problem encountered in precooked restructured meat products. 
This flavor is characterized by the rancid off-flavor that 
develops when cooked meat is kept in refrigerated storage 
and then subsequently reheated for consumption. Several 
factors are known to affect the extent to which this un­
desirable flavor develops. These may include cooking tem­
perature, refrigerated storage, and the incorporation of 
antioxidants such as sodium tripolyphosphate (STP) and soy 
protein isolate (SPI). Control over these factors along 
with a better understanding of their effects could lead to 
improved processing and storage procedures to minimize the 
onset of warmed-over flavor.
Texture is another desirable quality attribute in re­
structured meats. Steaks that are tender and juicy are 
normally preferred over steaks that are tough and dry. 
Factors that affect the development of flavor usually have 
an impact on the texture of the final product. The cooking
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temperature can affect the delicate balance between harden­
ing effects on the myofibrillar proteins versus softening 
effects brought about by the solubilization of the connec­
tive tissue. Sodium tripolyphosphate and SPI in fact, are 
more commonly known as water-binding agents than an­
tioxidants. Their inclusion would influence the tenderness 
and juiciness of the final product.
The purpose of this study was to determine the effect 
of cooking temperature, refrigerated storage, and the pre­
sence of STP and SPI on the development of warmed-over fla­
vor in restructured beef roasts. The effect of these fac­
tors on texture was also evaluated. Thiobarbituric acid 
(TBA) values, total lipids, phospholipids, nonheme iron, 
heme iron, total iron, cook yield, moisture determination, 
expressible moisture, water-binding, and Instron shear force 
values were determined. Sensory evaluation for various 
flavor and texture notes was also conducted, the results of 
which were correlated with the objective measurements.
CHAPTER II
REVIEW OF LITERATURE 
Restructured Meat Products
Restructuring is the process wherein various muscle 
parts and trimmings are mechanically manipulated and struc­
tured into new forms. The primary rationale for restructur­
ing meat is to transform undervalued meat into products that 
have an increased market value (Secrist, 1987). By doing 
so, profits are increased through the marketing of value 
added products and the consumers save money by purchasing 
lower cost products that possess characteristics readily 
identifiable with higher-value meat products.
Manufacture of Restructured Meat
Raw Meat Ingredients. The raw meat components consist 
of lean and fatty tissues. Fresh lean tissues are consi­
dered to be the most important ingredient (Pearson and 
Tauber, 1984). They contain both myosin and actomyosin, the 
only naturally occurring binders in meat (Pearson and 
Tauber, 1984). These proteins were shown to bind meat 
pieces together (Macfarlane et al., 1977) and it was later 
demonstrated that the extracted myosin bonds strongly upon 
heating (Siegel and Schmidt, 1979a).
Nonprotein Additives. Water, salt and phosphates are 
the three nonprotein additives that exert the greatest ef-
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feet on the functional properties of restructured meat pro­
ducts (Trout and Schmidt, 1987).
Water is added primarily as a processing aid to assist
in the mixing and dissolution of the salt and the phosphate
to assure even distribution in the product. The amount of
added water is critical. If too little water is added, the
product will be dry due to evaporation and other processing 
losses. On the other hand, excessive water decreases the 
concentration of the meat proteins resulting in decreased 
binding.
Salts are incorporated into restructured meat to in­
crease the functional properties of the protein, improve 
flavor and minimize microbial growth (Trout and Schmidt, 
1987). Salt facilitates the release of structural proteins 
from the muscle cells at the surface of the meat during 
mixing, which produces a tacky layer on the outside of the 
meat pieces. In addition, a three-dimensional protein net­
work is formed when salts interact with the muscle proteins 
during cooking. This matrix encloses free water and also 
binds the meat pieces together.
Phosphates are utilized in restructured meat products 
to increase water binding capacity and reduce shrinkage 
during subsequent processing (Forrest et al., 1975). Phos­
phates also retard the development of oxidative rancidity, 
improve texture and retard both color and flavor deteriora­
tion.
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Nonmeat Protein Additives. A variety of nonmeat pro­
tein additives have been used as functional ingredients in 
restructured meat products. They are included to improve 
water binding capacity, enhance flavor, reduce shrinkage 
during cooking and reduce formulation costs (Forrest et al., 
1975). These include: milk proteins, egg albumen, wheat
proteins, soy proteins, and other vegetable proteins (Endres 
and Monagle, 1987).
Various milk proteins, such as nonfat dry milk, casein­
ates, and whey proteins, are being used in emulsion-type 
meat products. These proteins interfere with myosin extrac­
tion and would not be useful as binders for large meat
chunks (Endres and Monagle, 1987).
Egg albumin and vital wheat gluten are two ingredients 
with excellent binding properties (Siegel et al., 1979).
Egg albumin has been used as a binder in the manufacture of 
spun vegetable fiber products. On the other hand, wheat 
gluten has been used to restructure fish and shrimp. The 
current cost of these two ingredients restrict their use.
Soy proteins have been used to replace or extend the 
more expensive proteins of meat, poultry and seafood (Endres 
and Monagle, 1987). Soy protein products have been deve­
loped that have improved water absorption and binding pro­
perties. They could then be used in preparing slurries of
meat and soy proteins that could subsequently be used to
bind the large pieces of red meat involved in restructuring.
6
Restructuring. The raw meat ingredients described 
above are reduced in size by one or more of the following 
operations: grinding, chopping, flaking, dicing, or slicing. 
The reduced particles are then mixed with the required 
amounts of the nonprotein additives, along with the nonmeat 
proteins in order to facilitate a uniform distribution of 
these ingredients within the meat mass.
The next step is forming or shaping the product. A 
meat log having the approximate dimensions of the desired 
finished shape is most commonly used. The meat logs are 
then rapidly frozen and tempered (Pearson and Tauber, 1984). 
The frozen logs could then be portioned using high-speed 
saws and slicers, after which the restructured steaks could 
be packaged and frozen.
Heating is the final step in making a restructured meat 
product (Booren and Mandigo, 1987). Fresh or uncured pro­
ducts are often heated by the consumer. Cured products are 
usually heated in combination with smoking, resulting in a 
traditional cured and smoked product.
Flavor in Restructured Meats
Raw meat has a simple bloody aroma and when heated, it 
begins to develop complex components that evoke a charac­
teristic sensory response. These complex components are 
formed from compounds present in the meat such as proteins, 
carbohydrates, fats, salts and minerals. In a restructured 
meat system, the components become even more complex when
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other ingredients such as the nonprotein additives and non- 
meat proteins are incorporated. These additional in­
gredients could interact with the original components to 
form compounds that may alter flavor.
The components responsible for meaty flavor were said 
to be water-soluble (Crocker, 1948; Bouthilet, 1951; Kram- 
lich and Pearson, 1958). It was later demonstrated that 
meaty flavor seemed to be the same for all species, whereas, 
the characteristic flavor differences between species were 
due to the components derived from lipids (Hornstein and 
Crowe, 1960; Hornstein et al., 1963). Several groups of 
researchers have suggested that heterocyclic compounds con­
taining oxygen, nitrogen and/or sulfur make major contribu­
tions to meaty flavor (Herz and Chang, 1970; Chang and 
Peterson, 1977; Wasserman, 1979). These observations were 
later confirmed by Bodrero et al. (1981) and Hsieh et al. 
(1980a,b).
Role of Lipids in Meat Flavor
Of the major components of meat, lipids may be the most 
important to flavor for several reasons (Litman and Numrych,
1978). First, lipids are precursors for many flavorful 
compounds such as the aliphatic aldehydes, ketones, lac­
tones, fatty acids, alcohols, and esters. Second, the in­
tact glyceride tends to modify the flavor of fat soluble 
compounds by restraining their escape into the head space. 
Third, lipids may interfere with the release of gustatory
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ingredients such as salts, sweetening agents, bitterants and 
acidulants in the saliva, a prerequisite for the sense of 
taste to occur. Fourth, as a cooking medium, e.g. deep fat 
frying, lipids produce special flavor effects. Finally, 
glycerides are themselves non-volatile and in this form 
contribute to flavor largely through mouthfeel.
Development of Warmed-over Flavor
The term warmed-over flavor (WOF) was first used by 
Tims and Watts (1958) to describe the rapid development of 
oxidative rancidity in cooked meat during short-term refri­
gerated storage. Younathan and Watts (1960) later showed 
that the unsaturated fatty acids of the lean tissue were the 
lipids involved in the flavor deterioration of cooked meat. 
Although animal lipids are considered to be fairly satu­
rated, there is a sufficient amount of unsaturated lipids in 
the phospholipid fraction of the intramuscular lipids to 
produce the oxidized flavor in meat products. These phos­
pholipids are also in close contact with various oxidation 
catalysts that exist in muscle tissue.
Lipid Oxidation
The most common cause of WOF is lipid oxidation (Bailey 
et al., 1980). Prior to 1950, autoxidation of adipose tis­
sue lipids was the type of lipid oxidation most readily 
recognized in meat, such as that occurring during long term 
frozen storage. A more important aspect of lipid deteriora-
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tion in meat is the catalytic oxidation of unsaturated li­
pids in muscle. Unsaturated lipids are almost always ex­
clusively considered the initial substrate in lipid oxida­
tion. The reaction is autocatalytic in that the oxidation 
products themselves catalyze the reaction and cause an in­
crease in the reaction rate as oxidation proceeds. The
universally accepted free radical reaction scheme for lipid 
oxidation is as follows:
Initiation:
RH  > R- + h *
RH + 02  > R00* + H'
Propagation:
R. + 02  > R00*
R00 • + RH  > ROOH + R*
Termination:
R00* + R*  > ROOR
R* + R* -------> R-R
R00* + R00' -----> ROOR + 02
where RH = unsaturated lipid 
R* = lipid radical 
ROO* » lipid peroxy radical.
This reaction is propagated by a free-radical mechanism 
wherein the production of free radicals is promoted by ex­
ternal energy sources such as heat and gamma-irradiation 
(Macleod and Seyyedain-Ardebili, 1981). Initiation occurs 
by a free radical abstraction of hydrogen from an alpha- 
methylene group of the fatty acid or glyceride. The fatty
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free-radical formed is oxidized, forming a hydroperoxide 
radical that stabilizes itself by hydrogen abstraction from 
another alpha-methylene group, thus setting up a chain reac­
tion.
Catalysis of Lipid Oxidation
Heme Iron. Hemoproteins contain iron, located as a 
central atom in the planar porphyrin structure (Eriksson, 
1982). The iron group, along with the porphyrin ring is 
known collectively as the heme group. This group is buried 
in a hydrophobic crevice in native hemoproteins. It is 
available for binding of small substrate molecules like 
oxygen, hydrogen peroxide or phenolic compounds. For this 
reason, myoglobin and hemoglobin are able to transport oxy­
gen. The hydrophobic environment around the heme group also 
allows larger hydrophobic molecules like unsaturated fatty 
acids to enter the interior of the protein molecule and, to 
a limited extent, approach the iron, which can then catalyze 
the oxidation of the fatty acid.
Until the early 1970's hemoproteins (heme iron) were 
considered to be the major catalysts of lipid peroxidation 
in animal tissues. Younathan and Watts (1959) proposed that 
ferric hemes were the active catalysts of lipid oxidation in 
muscle. However, Hirano and Olcott (1971) reported that the 
rates of oxidation were not different when either ferrous or 
ferric hemes were the catalysts. Labuza (1971) also dis­
agreed with the theory that only the ferric hemes are capa­
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ble of catalyzing lipid oxidation in meat. He suggested 
that the protein portion of hemoprotein molecules may cause 
stearic hindrance of the iron thus preventing it from cata­
lyzing oxidation. When meat is heated, denaturation of the 
protein portion of the molecule might facilitate the ex­
posure of iron to the unsaturated fatty acids and promote 
oxidation (Eriksson and Vallentin, 1973).
Verma and his coworkers (1985) studied the effect of 
hemoproteins, iron salts, and sodium chloride on lipid 
oxidation. They designed emulsions of refined additive- 
free lard, egg albumin and water. They found that ferric 
hematin pigments, metmyoglobin, methemoglobin, and heat 
denatured myoglobin and hemoglobin, were all catalysts of 
lipid oxidation. The oxy and carboxy derivatives, however, 
were found not to be effective.
Nonheme Iron. Wills (1966) concluded that both heme 
and nonheme iron were present in most of the tissue frac­
tions that they examined. Both types of iron were found to 
be capable of promoting the oxidation of unsaturated fatty 
acids. The catalysis by nonheme iron was reported to be pH 
sensitive with the iron being more active at acid pH values, 
whereas pH had less effect on hemoprotein catalyzed lipid 
oxidation.
Other workers (Liu, 1970a,b; and Liu and Watts, 1970) 
have also concluded that both heme and nonheme iron could 
function as prooxidants in meats. They reported that in un­
saturated fatty emulsions, ferrous iron and ethylenediamine-
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tetraacetic acid (EDTA), 1:1, accelerated oxidation at lower 
pH values, but that no catalysis took place above pH 6.4.
On the other had, Sato and Hegarty (1971) presented 
evidence that nonheme iron, rather than heme, was respon­
sible for rapid oxidation in cooked meat. In their study, 
either myoglobin or hemoglobin was added back to water- 
extracted muscle to determine the effect of heme pigments on 
WOF. Apparently, hemoglobin or myoglobin alone had little 
effect on WOF development. Since a model system was used in 
these experiments, it was assumed that the substance that 
was undergoing oxidation had not been removed by the water 
extraction.
In the same study, ferrous and ferric iron were eva­
luated in the model system at levels in the same range that 
nonheme iron would normally occur in muscle (ca. 1 ppm). 
The results showed that lipid oxidation was enhanced, al­
though the samples of heated muscle containing ferrous chlo­
ride had TBA values twice those of samples with added ferric 
chloride.
Love and Pearson (1974) confirmed the observation of 
Sato and Hegarty (1971) that nonheme iron was an effective 
prooxidant in meat. They studied the effect of various con­
centrations of metmyoglobin and ferrous iron on TBA numbers. 
In their model system, they found no acceleration of lipid 
oxidation when metmyoglobin was added even up to levels of 
1-10 mg/g of muscle. On the other hand, levels of ferrous
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ion as low as l ppm catalyzed lipid oxidation in the model 
system.
Igene et al. (1979) also concluded that myoglobin is 
not the principal prooxidant in cooked meat, however, it was 
demonstrated that the level of the free ferrous iron greatly 
increased during cooking, and accelerated lipid oxidation in 
cooked meat. These results indicated that myoglobin served 
as a source of ferrous ions, being readily broken down 
during the cooking process and thus catalyzing lipid oxida­
tion.
The prooxidant activities of other metal ions on lipid 
oxidation of heated water-washed muscle systems involving 
beef, pork, lamb, chicken, turkey, and fish have also been 
investigated (Tichivangana and Morrissey, 1985). They found 
that the ferrous iron was highly catalytic in cooked muscle 
whereas the cuprous and cobaltous ions were less effective 
catalysts.
Verma et al. (1985) studied the effect of both ferrous 
and ferric salts at the levels present in meat products 
using model systems consisting of corn starch, refined addi­
tive-free lard, water, egg albumin and salt. They found 
that these salts were only very weak catalysts of lipid 
oxidation when compared with the ferric hematin complexes.
Phospholipids. The total phospholipids were considered 
the major contributors to the development of WOF (Igene and 
Pearson, 1979). Thus, the contributions of phosphatidyl­
choline (PC) and phosphatidlyethanolamine (PE) have also
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been evaluated since these compounds comprise over 75% of 
the total phospholipids. Igene and Pearson (1979) added 
back PC, PE, and total blood serum phospholipids (TP) to a 
model meat system and found that the addition of PE and TP 
significantly increased the TBA numbers with PE exhibiting 
the greatest effect.
Enzymatic vs. Nonenzymatic Oxidation
Lipid oxidation has been assumed to occur nonenzymati- 
cally in muscle foods (Love, 1983). There is evidence, 
however, that there are enzymatic lipid peroxidation systems 
associated with muscle microsomes. This lipid peroxidation 
in subcellular fractions is mediated by the ferrous iron 
that is maintained in the reduced form enzymatically by 
nicotinamide adenine dinucleotide phosphate (NADPH).
Enzymatic lipid peroxidation systems have been dis­
covered in various organs and organelles. Lin and Hultin 
(1976) and Player and Hultin (1977) showed that chicken 
breast or leg muscle microsomes produced malonaldehyde when 
incubated with ferric iron, reduced nicotinamide adenine 
dinucleotide (NADH), and reduced NADPH. Nicotinamide ade­
nine dinucleotide phosphate was the preferred nucleotide in 
the enzymatic peroxidation system of microsomes from chicken 
skeletal muscle (Lin and Hultin, 1976; Player and Hultin,
1977). However, for enzymatic lipid peroxidation in fish 
muscle microsomes, NADH was much more efficient than NADPH 
and the latter could not effectively replace the former.
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Hultin (1980) studied lipid peroxidation in the micro­
somal systems from avian and fish muscle. He found that 
heating of microsomal preparations to 80°C for 5 min elimi­
nated much of the enzyme-catalyzed lipid oxidation. He 
further suggested that the relative amount of enzymatic vs 
nonenzymatic peroxidation in muscle microsomes is strongly 
dependent upon temperature, with the extent of the nonen­
zymatic reaction being greater as temperature increases.
Govindarajan et al. (1977) reported that the addition 
of lipase to ground beef muscle increased the rate of lipid 
and pigment oxidation while phospholipase A had an in­
hibitory effect upon the same system. They suggested that 
the observed effect might be due to inactivation of enzy­
matic systems.
Rhee et al. (1984) demonstrated the presence of enzyma­
tic lipid peroxidation in microsomes from beef longissimus 
dorsi muscle. The reaction required NADPH or NADH, adenine 
diphosphate (ADP), and either ferrous or ferric iron. They 
found that the rate of oxidation was higher with NADPH than 
with NADH and also was higher with the ferrous iron than 
with the ferric iron.
Hultin (1980) reported that treatment of flounder mus­
cle microsomes with phospholipase reduced production of 
malonaldehyde drastically. After washing with bovine serum 
albumin, about 60% of the original peroxidative activity was 
restored. Phospholipase A inhibition may be due to free
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fatty acid inhibition of an enzymatic oxidative system in 
the microsomal membrane.
Processing Factors Affecting the Development 
of Warmed-over Flavor
Composition of Raw Meat Ingredients. Raw meat com­
ponents consist of lean and fatty tissues (Gray and Pearson, 
1984). The lean tissue also contains some connective tissue 
and fatty tissue. This fatty tissue is in the form of ei­
ther intermuscular or intramuscular fat, which are both 
believed to be responsible for the oxidative problems in 
restructured meat products. Both the triglycerides and 
phospholipids in these fats undergo oxidative degradation, 
with the degree of unsaturation being an important factor in 
determining their relative stability to oxidation (Pearson 
et al., 1977).
Reduction in Particle Size. All the various methods of 
particle reduction disrupt membranes that lead to the incor­
poration of air into tissues (Gray and Pearson, 1987). This 
disruption exposes the lipid components of the membranes to 
oxygen thereby increasing the tissue susceptibility to oxi­
dation that leads to oxidative rancidity and WOF (Greene, 
1969; Sato and Hegarty, 1971; Pearson et al., 1983).
Influence of Heating. Heating accelerates the develop­
ment of oxidative rancidity in meat and meat products (Youn- 
athan and Watts, 1959; Sato and Hegarty, 1971; Keller and 
Kinsella, 1973). Within a few hours, off-flavors can devel­
op once cooked meat is exposed to oxygen. This phenomena
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had previously been attributed to the irreversible conver­
sion of iron in the porphyrin ring of myoglobin to the fer­
ric form during heating (Younathan and Watts, 1959).
Yamauchi (1972a), as cited by Pearson et al. (1977), 
suggested that the intensity of the heat treatment was re­
lated to the extent of lipid oxidation. Yamauchi and his 
coworkers studied the effects of heating beef, pork and 
mutton at various temperatures on the development of ran­
cidity as monitored by the TBA values. They found that meat 
heated at 70°C for one hour developed rancidity most rapid­
ly. On the other hand, when the cooking temperature was 
raised above 80°C, the TBA values of cooked meat decreased.
The phospholipids are more likely to remain bound to 
the cellular membrane than the neutral lipids after heating 
(Campbell and Turkki, 1967; Igene et al., 1981). This sit­
uation was particularly true for PE, which has the highest 
proportion of polyunsaturated fatty acids (PUFAs) of any of 
the component phospholipids. Igene et al. (1981) concluded 
that the increased concentrations of PUFAs and of nonheme 
iron increased the tendency of cooked meats to develop WOF.
Cooking Method. Huang and Greene (1978) heated beef 
semitendinosus muscle by different home cooking methods: 
roasting, braising, pressure cooking, pressure canning, and 
electric slow-cooking. They found that meat subjected to 
high temperatures and/or long periods of heating developed 
lower TBA numbers than did samples subjected to lower tempe­
ratures or shorter periods of time. They postulated that
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browning reactions occurring in the meat during the heating 
process appear to be responsible for the TBA lowering ac­
tivity. They also stated that the Maillard reaction in neat 
begins at about 90°C and increases with increased tempera­
ture and heating time. The more visibly browned products 
were those that had either attained a very high internal 
temperature, e.g. in pressure heating, or those that had 
been subjected to excessively long heating times. These 
were also the products that had the lower TBA numbers after 
storage.
The effectiveness of three dry heat preparations, 
microwave, microwave/convection combination and oven broil­
ing in retarding WOF in ground beef patties was examined by 
Gros et al. (1986) . The oven broiling method was found to 
delay WOF development in refrigerated patties, although the 
taste panelists failed to detect any differences in flavor 
as a result of cooking method.
Rate of Heating. Chen et al. (1984) studied the effect 
of both fast and slow heating on the concentration of non­
heme iron in a model system. In both treatments, they at­
tributed the increase in the concentration of the nonheme 
iron to the release of heme iron from the porphyrin ring. 
The increase was more pronounced in the sample heated slow­
ly. They extended the possibility that the rapid increase 
in temperature in the rapidly heated sample may have induced 
coagulation of the myoglobin molecules before the heme iron
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had a chance to be cleaved from the globin moiety, thus 
yielding the lower value.
Effect of Overheating. Zipser and Watts (1961) demons­
trated that heating meat to 80°C yielded high TBA values and 
lower sensory scores while lower TBA values and higher sen­
sory scores were obtained for meat samples heated to 100°C 
for 1 hour. Yamauchi (1972a,b), as cited in Gray and Pear­
son (1987), obtained similar results. They found that heat­
ing meat to 120°C for 1 hour prevented oxidation during re­
frigerated storage when compared to meat heated to 70°G. 
They concluded that the myoglobin in the heated meat under­
goes degradation, the products of which react with the per­
oxides obtained from the PUFAs. This reaction forms sub­
stances with antioxidant activity. Sato and Hegarty (1971) 
also found that overheating of meat produced substances with 
antioxidant properties and attributed this effect to brown­
ing reaction products.
Oxidation During Storage
Frozen vs. Refrigerated Storage. Lipid oxidation oc­
curs during freezer storage of meat. However, significant 
changes become apparent only after months or even periods of 
over a year. Losses in the triglyceride fraction account 
for the changes in the total lipid content of raw meat 
during frozen storage (Gray and Pearson, 1987). Igene et 
al. (1979) found that the triglyceride fraction is more 
susceptible to lipid oxidation than the phospholipid frac­
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tion during frozen storage. They demonstrated that frozen 
storage of raw beef resulted in very low TBA values (0.41), 
even after holding at -18°C for 13 months. Thus, serious 
oxidative changes do not appear to occur during freezer 
storage.
Holding temperature immediately after cooking has been 
shown to have an even more pronounced effect upon oxidation 
(Igene et al., 1979). In their study low-temperature hold­
ing following cooking (48 hr at -18°C) resulted in markedly 
lower TBA values in the meat during subsequent freezer 
storage than did holding at 4°C for 48 hr.
Raw. Cooked, and Cured Meat. Oxidation occurs at dif­
ferent rates depending on whether the meat is raw, cooked or 
cured. Tims and Watts (1958) noted only slight changes in 
TBA values in raw meat after one to two weeks of refrige­
rated storage. From a practical standpoint, though, raw 
meat would not be kept in refrigerated storage for such an 
extended period of time as evidenced by the fact that the 
raw meat used in their study was spoiled after 9 days of 
storage. The TBA values of cooked meat, however, increased 
to high levels that were maintained throughout the duration 
of the storage period.
Lower levels of lipid oxidation have been observed in 
cooked, cured meat than in uncured samples. The pink, fer­
rous form of the cured meat pigment does not cause rapid 
lipid oxidation, however, this pigment can be converted to 
the brown ferric form upon storage of the cured meat. As a
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result, higher TBA values are obtained for the stored pro­
duct (Younathan and Watts, 1959).
Role of Salt
Color and flavor changes are initiated by sodium chlo­
ride, but the mechanism for their occurrence is still poorly 
understood (Gray and Pearson, 1987). Chang and Watts (1950) 
showed that salt had the same effect on rancidity regardless 
of the presence or absence of hemoglobin or muscle extract. 
They also stated that the effect of salt on oxidation of fat 
is dependent upon the amount of moisture in the system.
Mabrouk and Dugan (1960) showed, however, that salt did 
not always behave as a prooxidant. They found that autoxi- 
dation of aqueous emulsions of methyl linoleate was in­
hibited by increasing the concentration of dissolved sodium 
chloride in the system. This inhibition may have been the 
result of a decreased solubility of oxygen in the emulsions 
as the salt content was elevated.
Using the same model system described earlier, Verma 
and his coworkers (1985) used salt at a 1.5% level in order 
to approximate a comminuted meat product. Contrary to the 
common belief that salt acts as a prooxidant, they found 
that salt, at this level, was not a major influence on the 
rate of lipid oxidation.
Baek (1987) determined the effect of different salts on 
lipid oxidation in ground beef. Sodium chloride, potassium 
chloride, and sodium sulfate were found to effectively
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reduce the TBA numbers when used at a 3% concentration. 
More specifically, it was also concluded that the chloride 
ion had a more inhibitory effect compared to the sulfate 
ion.
Prevention of Warmed-over Flavor
Phosphates and Other Nonorotein Additives. The addi­
tion of phosphates, in the form of pyro-, tripoly-, and 
hexameta- phosphates, but not orthophosphates, protects
icooked meat from autoxidation (Tims and Watts, 1958). Sato 
and Hegarty (1971) verified the effects of these three phos­
phates by demonstrating that they markedly lowered the TBA 
values in cooked ground beef stored at 2°C.
The method of incorporation of phosphates and possible 
species effects may also influence the efficacy with which 
they retard the development of WOF. Smith et al. (1984) 
pumped 10% of the weight of beef round and pork loin roasts 
with distilled water containing 4.75% STP. They found that 
phosphate injection reduced WOF in reheated pork roasts, but 
did not decrease the incidence of WOF in reheated beef 
roasts.
These phosphates are believed to prevent autoxidation 
by their ability to sequester heavy metal ions (Tims and 
Watts, 1958), particularly the ferrous iron, which has been 
shown to be the major prooxidant in meat systems (Love and 
Pearson, 1974; Igene et al., 1979). According to Watts
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(1962), polyphosphates effectively protect cooked meats 
against oxidation at concentrations as low as 0.01-0.05%.
Sato and Hegarty (1971) have reported that as little as 
50 ppm of nitrite greatly inhibited WOF while at 2000 ppm, 
nitrite completely eliminated WOF. The legal limit of 156 
ppm of nitrite allowed in cured meat has also been shown to 
result in a two-fold reduction of TBA values for beef and 
chicken and a five-fold reduction for pork (Fooladi et al.,
1979).
The mechanism by which nitrite inhibits oxidation is 
not entirely understood. The lipids in the membrane are 
normally disrupted and exposed to oxygen by cooking or 
grinding. This membrane appears to be the site of oxidation 
during the development of WOF (Sato and Hegarty, 1971), thus 
the mechanism by which nitrite acts could be by stabilizing 
the lipid components of these membranes or by inhibiting the 
natural prooxidants present in muscle.
Igene et al. (1985) later verified these earlier find­
ings by using ground beef and meat (beef) pigment extracts. 
In addition to stabilizing these membranes, they also sug­
gested that nitrite functions as an antioxidant in two other 
ways. First, nitrite may form a strong complex with heme 
pigments, thereby preventing the release of nonheme iron and 
its subsequent catalysis of lipid oxidation. Secondly, 
nitrite may interact directly with the liberated nonheme 
iron from the denatured heme pigments.
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Since the addition of nitrite to meat has recently 
become a source of controversy, there has been interest in 
developing a substitute for sodium nitrite. This substitute 
should also include an antioxidant, or a combination of 
antioxidants in order to achieve oxidative stability similar 
to that of nitrite-cured meat.
Another metal ion chelator that has been shown to be an 
effective inhibitor of lipid oxidation is EDTA (Igene et 
al., 1979). In their study, hydrogen peroxide was used to 
treat the meat extracts so that, all the meat pigments would 
be destroyed and the free iron would be available for lipid 
oxidation. The low TBA values that were obtained, however, 
indicated that the EDTA removed most of the free iron, thus 
making it unavailable for lipid oxidation.
Tay et al. (1983) found that the effectiveness of EDTA 
depended upon its concentration. They found that extremely 
low concentrations of EDTA (0.002%) in the presence of added 
ferric chloride enhanced the rate of oxidation in prerigor 
ground porcine muscles. Increasing EDTA concentrations from 
0.02 to 2.0% in the presence of 0.009% ferric chloride pro­
duced increasing inhibitory effects on oxidation as measured 
by TBA values.
Ascorbic acid alone at low levels (up to 100 ppm) cata­
lyzed the development of WOF (Tims and Watts, 1958; Sato and 
Hegarty, 1971). At levels greater than 1000 ppm, ascorbic 
acid retarded autoxidation (Sato and Hegarty, 1971) probably
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by altering the balance between the ferrous and ferric iron, 
by acting as an oxygen scavenger or by chelating free iron.
Ascorbic acid has been demonstrated to act synergis- 
tically with phosphates in protecting against rancidity, 
with a combination of the two more effective than either 
additive alone (Tims and Watts, 1958). These results were 
confirmed by Sato and Hegarty (1971) who also proposed that
the ascorbic acid provides an acidic environment that keeps
a portion of the iron in the ferrous state.
Two synthetic phenolic antioxidants, butylated hydro- 
xytoluene (BHT) and butylated hydroxyanisole (BHA), have 
been extensively studied in meat systems (Gray and Pearson, 
1987). In general, they have been shown to be effective in 
retarding lipid oxidation. Greene et al. (1971) showed that 
BHA or propyl gallate (PG) in combination with ascorbic acid 
were effective in preventing lipid and pigment oxidation in 
ground beef during refrigerated storage for up to 8 days. 
Chastain et al. (1982) evaluated the effects of BHA, tert- 
butyl hydroquinone (TBHQ), and a combination of the two 
antioxidants on the quality of restructured beef-pork
steaks. Their results revealed that the antioxidants alone 
or in combination improved the flavor scores and decreased 
discoloration in the steaks. TBHQ was more effective in
retarding off-flavor development. All treated samples 
showed lower TBA values than the control samples.
Sov Proteins and Other Nonmeat Proteins. Pratt (1972) 
initially reported that soybean extracts possessed antioxi­
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dant activity. Later, Pratt and Birac (1979) demonstrated 
that the antioxidant activity from soybeans was carried over 
to various soy products that were used as meat extenders. 
These were identified to be isoflavones and phenolic acids 
in soy protein hydrolyzates, all of which contributed to the 
antioxidant properties of soybeans (Pratt et al., 1981).
Natural antioxidants could also be found in other plant 
proteins (Watts, 1962), Rhee and Ziprin (1981) found that 
glandless cottonseed, peanut, or soy protein extracts, when 
incorporated into gravy at a 3% level, retarded the develop­
ment of WOF when refrigerated ground beef patties were co­
vered with this gravy. There were, however, no marked or 
consistent differences among the oilseeds in their effec­
tiveness in retarding oxidation.
Ziprin et al. (1981) used defatted flours, and protein 
concentrates and isolates produced from glandless cotton­
seeds, peanuts, and soybeans. The cottonseed protein in­
gredients exhibited the highest antioxidant potential among 
these oilseed extracts when used in cooked refrigerated 
ground beef patties. Rhee et al. (1981) also concluded that 
methanolic extracts of glandless cottonseed protein ingre­
dients were more antioxidative than those of peanut and soy 
protein ingredients.
Certain vegetable extracts contain natural antioxidants 
that could be used to retard development of rancidity (Pratt 
and Watts, 1964). Green peppers (pods and seeds), onions 
and tomato peelings were all effective in reducing WOF in
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sliced roast beef. Pratt and Watts (1964) later demons­
trated that a number of plant extracts possessed potent 
antioxidant properties when they were added to cooked meat. 
Younathan et al. (1980) also showed that ground beef treated 
with onion juice or textured vegetable protein underwent 
oxidation at a slower rate than the controls. They also 
found that rancidity in turkey was effectively controlled by 
hot-water extracts of eggplant tissue and peelings of yellow 
onions, potatoes, and sweet potatoes.
Texture in Restructured Meat
Meat texture has come to be synonymous with tenderness, 
and consumer research has determined that tenderness is the 
single most important factor in assessing meat acceptability 
(Brady and Hunecke, 1985). Meat texture is not related to a 
simple one-component system (Cover et al., 1962), but ra­
ther, it is the result of two structural components, muscle 
fibers and connective tissue. The picture is further com­
plicated by the presence of fat interspersed within these 
structural elements.
Restructured meats are dependent on the ability to 
bind constituent meat components together to form a cohesive 
product. The strength of this binding is important because 
it determines, to a large degree, the texture of the pro­
ducts (Schmidt and Trout, 1984).
Binding Strength
Binding strength could be defined as the force per unit 
cross-sectional area required to pull apart bound pieces of 
meat. This includes a measure of both the cohesive force 
exerted between the binding matrix and the meat pieces, and 
the strength of the binding matrix itself. The main factors 
that affect the efficiency of binding are protein extrac­
tion, mechanical treatment, presence and concentration of 
salts, nonmeat proteins and nonprotein additives, and the 
temperature of heating.
Protein Extraction. The role of solubilized meat pro­
teins is to bind the insoluble components in the protein 
matrix to form a coherent stable complex with each other. 
Siegel and Schmidt (1979) found that increasing the amount 
of extracted myosin between meat surfaces produced a linear 
increase in binding strength in a model binding system. 
When investigating the importance of particle size on the 
binding of poultry rolls, Acton (1972) found that reducing 
the particle size increased the amount of salt soluble pro­
tein extracted. With the increase in protein extraction 
there was a concurrent increase in the binding strength. It 
was also found that increasing the massaging time of hams 
increased the amount of protein extracted (Theno et al.,
1978). In this case, the binding strength increased only up 
to a protein content of 12%, after which it remained fairly 
constant. It was suggested that increased massaging time 
caused fiber disruption and weakening, which counteracted
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any increase in binding strength produced by the additional 
protein extracted.
Mechanical Treatment. Mechanical treatment, a prere­
quisite for effective binding, can be applied to meat to 
improve its binding characteristics (Schmidt and Trout, 
1984). Mixing, massaging, tumbling and mechanical tender- 
ization are among the more common methods used to improve 
binding in sectioned and formed meat products.
Mixing results in cell disruption and breakage with 
subsequent release of the cell contents, which include the 
myofibrillar proteins (Berry, 1987). Siegel et al. (1978) 
showed that the amount of protein extracted increased with 
increasing massaging time. Theno et al. (1978) were able to 
show conclusively that both fiber disruption and the amount 
of myofibrillar protein that was solubilized increased with 
increased massaging time.
Theno and his coworkers (1978) were able to demonstrate 
another important role of mechanical treatment. Using the 
electron microscope, they showed that myofibrils and muscle 
fibers, which are both normally tightly packed, separated 
after massaging. Once this structure is opened, the solubi­
lized proteins of the exudate are worked into the loose 
fiber structure allowing a more cohesive bond to form bet­
ween the protein matrix and the meat surface.
Nonprotein Additives. The two most common nonprotein 
additives are salts and phosphates. Generally speaking, in­
creased salt levels produced greater bind (Berry, 1987).
30
Moore et al. (1976) indicated that binding strength with 
3.0% salt was more than 100% greater than with 1.0% salt. 
They also suggested that incorporating only 0.5% salt vs. no 
salt does not increase bind to the same degree as increasing 
salt levels from 2.0 to 2.5%. In fact, a reduction in bind 
was noted by Brewer et al. (1984) with slight increases in 
salt usage at lower levels.
Much of the research investigating the effects of salt 
levels on texture in restructured meat has also included 
variations in STP levels. Generally, the combined use of 
salt (1-3%) and STP (0.25-0.50%) has produced greater 
changes in texture than either additive alone (Berry, 1987). 
Using salt and STP together has resulted in increased bind 
in beef rolls (Pepper and Schmidt, 1975? Moore et al., 1976) 
and improved texture desirability in flaked and formed beef 
patties (Huffman et al., 1981a) and restructured pork 
(Schwartz and Mandigo, 1976) when compared to using salt 
alone. Lamkey et al. (1986) also found that salt and phos­
phate, each at a 0.2% level, increased the bind equal to 
phosphate at a 0.5% level.
The extent of the increase in the functional properties 
of food grade phosphates depends on the type of phosphate, 
the pH of the product, and the concentration of sodium chlo­
ride used in the product. In general, the different phos­
phates increase functional properties in the following 
order: pyrophosphate > tripolyphosphate > tetrapolyphosphate 
> hexametatphosphate=orthophosphate (Trout and Schmidt,
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1984). It has been shown, however, that phosphates do not 
Increase functional properties when the sodium chloride 
concentration is below 0.8% (Bendall, 1954; Hellendoorn, 
1962), greater than 2.0% (Trout and Schmidt, 1984), or bet­
ween 1.25-1.50% if the pH of the product is also high (>6.0- 
6.3) (Trout and Schmidt, 1984).
These differences in effectiveness of the phosphates 
are directly related to the ability of phosphates to in­
crease ionic strength and pH (Trout and Schmidt, 1984). 
Furthermore, the combination of a high pH and high ionic 
strength produced by the sodium chloride increases the func­
tional properties to a maximum (Sofos, 1983). Thus, phos­
phates would not be expected to increase the functionality 
at intermediate and high sodium chloride levels. Conse­
quently, addition of phosphates to meat products under these 
conditions would not have any additional beneficial effect 
upon functionality.
Sofos (1985) evaluated the influence of STP on the 
binding of comminuted meat products. He found that product 
binding was inferior when the sodium chloride level was 
reduced to 1.1%, a 50% reduction. The addition of STP, how­
ever, increased the pH by 0.17-0.2 3 units and thus restored 
binding of the low sodium chloride products.
Smith et al. (1984) determined the effects of STP on 
fresh and reheated beef and pork roasts. They indicated 
that the use of phosphate in pork and beef roasts allowed 
reheating after 1 and 3 days of refrigerated storage with a
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minimal loss of juiciness, tenderness, or flavor intensity.
Hiller et al. (1986) made flaked and formed restruc­
tured beef steaks with various phosphates. They found that 
steaks made with STP had higher shear force values than all 
other restructured steaks. These results indicated that an 
increase in binding occurred with added STP.
Nonmeat Proteins. Several researchers have reported 
that plant protein usage resulted in greater tenderness as 
indicated by either sensory methods or reduced Instron 
values. Moore et al. (1976) found that the Instron break 
strengths of beef rolls, where either textured soy or soy 
isolate was incorporated, were lower when compared to the 
all-meat formulations. Cardello et al. (1983) also found 
that restructured steaks containing soy isolate were less 
firm than the all-meat control, if 0.5% STP was used. Berry 
(1984), as cited in Berry (1987), likewise found that tex­
tured soy protein produced restructured steaks that were 
less cohesive and were more completely sheared during chew­
ing.
Other researchers have shown that plant protein usage 
had no effect on tenderness or resulted in increased Instron 
shear values. Hand et al. (1981) found that restructured 
steaks containing soy isolate were more cohesive and less 
easily fragmented than an all-meat control. The Instron 
values, however, were not affected by soy addition. 
Seideman et al. (1982) demonstrated that a 5% usage level of
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soy concentrate resulted in higher Instron shear values as 
well as lower sensory panel tenderness scores.
Another plant protein that is widely used is wheat 
gluten. Siedeman et al. (1982) found that steaks with 5% 
wheat gluten were less tender and had higher Instron defor­
mation force than steaks with 2% wheat gluten and all-beef 
restructured steaks. Steaks with 13% wheat gluten, however, 
possessed similar textural properties to steaks made 
strictly from beef.
Miller et al. (1986) formulated different blends con­
taining mechanically separated beef, textured soy protein, 
or vital wheat gluten. They found that the control (no 
extender added) and the extended restructured steaks were 
not different in juiciness, tenderness or cohesiveness 
scores.
Storage. Most research on the effect of storage has 
focused primarily on randicity development and color. Two 
groups of researchers (Huffman et al., 1981b; Hand et al., 
1982) found that texture was not affected over a 30-day 
frozen storage period. Schwartz and Mandigo (1976) reported 
that texture desirability gradually decreased for flaked and 
formed pork chops when determined at monthly intervals up to 
6 months.
Effect of Heating Temperature . The binding between 
meat pieces is a heat initiated reaction (Vahedra and Baker, 
1970) since little binding occurs in the raw state. Heating 
will cause the previously dissolved proteins to rearrange so
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that they could interact with the insoluble proteins on the 
meat surface and in so doing form a cohesive structure. 
This process begins at 45°C and the molecular interaction 
involved is described as noncovalent. The latter conclusion 
was based on the fact that even heating to 70°C caused no 
observable formation of intermolecular disulfide bonds 
(Vahedra and Baker, 1970).
Acton (1972) investigated the effect of cooking tem­
perature on the binding ability of poultry meat. The bind­
ing strength started to increase at 40°C and reached a maxi­
mum at 80°C after which it decreased slightly with tempera­
tures up to 100°C.
The effect of temperature on the binding ability of 
crude myosin derived from beef was investigated by Siegel 
and Schmidt (1979a,b). Their results showed that binding 
strength started to rise at 55°C and then increased linearly 
with temperature to 80°C, but did not show the same decrease 
in binding ability after 80°C as was previously described in 
the work of Acton (1972).
It has been theorized (Draudt, 1972) that heat related 
changes in meat tenderness result from two opposing effects. 
A tenderizing effect is due to changes in the connective 
tissue, while a toughening effect is the result of the 
hardening of the myofibrillar proteins.
Laakkonen et al. (1970) concluded that the major de­
crease in Warner-Bratzler peak shear force values obtained 
when beef muscles were heated at a slow rate occurred at 50-
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60°c. Other workers (Bramblett et al., 1959y Bramblett and 
Vail, 1964; Bayne et al., 1969) reported that cooking meat 
by holding it in an oven at relatively low oven temperatures 
(<120°C) for up to 3 0 hr produced meat that was more tender 
than that cooked at the usual higher temperatures. It was 
also found (Bramblett et al., 1959) that the length of time 
that meat was held at an internal temperature of 57-69°c 
was correlated with increasing tenderness. Paul (1963), as 
cited in Laakkonen (1973), further suggested that prolonged 
holding in this temperature range may promote greater de­
gradation or softening of connective tissue without exten­
sive hardening of muscle fibers.
Penfield and Meyer (1975) found that significantly 
more collagen was solubilized during a slow rate of heating 
to 70°C than with a fast rate. They concluded, however, 
that part of the difference may have involved increased 
proteolysis of the myofibrillar proteins. Davey and 
Niederer (1977) have suggested that tenderization of meat by 
cooking at temperatures of up to 100°C takes place by speci­
fic proteolytic attack on the myofibrillar structure at 
temperatures up to 65°C and by destruction or weakening of 
the collagen in the connective tissue at temperatures above 
70°C.
There is some evidence (Bouton and Harris, 1981) that 
increasing the cooking time from 1 to 24 hours for meat 
samples heated at temperatures in the range 50-65°C has a 
large effect on connective tissue strength. Heating meat at
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temperatures 50-65°C for an extended time could thus be 
doubly beneficial by reducing both myofibrillar and con­




MATERIALS AND METHODS 
Experimental Plan
This research was conducted in two phases. In Phase l, 
restructured beef roasts were cooked to an internal tempera­
ture of 65°C in a waterbath set at three different tempera­
tures: 70, 85 and 100°c. The cooked roasts were then di­
vided into two equal parts: one half was immediately frozen 
until further analysis while the other half was subsequently 
stored at 4°C for 3 days prior to freezing. The six treat­
ments used are given in Table 1.
In Phase 2, two antioxidants were used: sodium tri­
polyphosphate (STP) and soy protein isolate (SPI) . Four
different types of restructured beef roasts were made (Table 
2). These roast were then cooked to an internal temperature 
of 65°C in a waterbath set at either 70 or 100°C. The
cooked roasts were then prepared for storage in the same
manner as in Phase 1.
The cooked roasts from both phases were analyzed by a 
trained sensory evaluation panel. The objective tests per­
formed included the Thiobarbituric Acid Test (TBA), total 
lipid, phospholipid, nonheme iron, total iron, moisture, 
cook yield, expressible moisture, water-binding and texture 
(Kramer shear cell).
The three replications for each phase of this study 
were blocked and the treatments were assigned in a split
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Table 1. Treatments used in Phase 1 of this experiment.










Table 2. Treatments used in Phase 2.
Treatment Percent Percent Cooking Days of
STP1 SPI2 Temp. (°C) Storage
A0 0.0 0.0 70 0
Al 0.0 0.0 70 3
B0 0.0 0.0 100 0
B1 0.0 0.0 100 3
CO 0.0 1.0 70 0
Cl 0.0 1.0 70 3
DO 0.0 1.0 100 0
D1 0.0 1.0 100 3
E0 0.5 0.0 70 0
El 0.5 0.0 70 3
F0 0.5 0.0 100 0
FI 0.5 0.0 100 3
GO 0.5 1.0 70 0
G1 0.5 1.0 70 3
HO 0.5 1.0 100 0
HI 0.5 1.0 100 3
Amount of sodium tripolyphosphate (STP) calculated 
based on total roast weight.
Amount of soy protein isolate (SPI) calculated based on 
total roast weight.
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plot arrangement within each block. For Phase 1, the cook­
ing temperature was the main plot treatment factor while 
storage time was the subplot treatment factor. For Phase 2, 
cooking temperature, level of STP and level of SPI were the 
main plot treatment factors in a 2 x 2 x 2 factorial ar­
rangement. Storage time was again the subplot treatment 
factor. The data were analyzed as a RCBD for Phase 1 and 
Phase 2.
Preparation of Lean and Fat
Beef chucks were obtained through two sources. The 
chucks for Phase 1 were obtained through the Department of 
Animal Science (Louisiana State University, Baton Rouge). 
These chucks were from the carcasses of steers of Angus- 
Brahman or Angus-Simmental breeding finished on grain for 
less than 100 days. The chucks for Phase 2 were obtained 
through Parker's Quality Meats (Zachary, LA). These chucks 
were from the carcasses of grain-fed heifers of Angus-Brah- 
man or Angus-Simmental breeding. The lean and fat tissues 
were separated manually and most of the connective tissue 
was removed. The lean tissue and fat tissues were then
f
pooled in separate containers.
The resulting lean and fat were mixed thoroughly and 
random samples (100 g each) were obtained from each batch 
for fat determination by the modified Babcock method (Ocker- 
man, 1981). The lean tissue was separated into 6 kg batches 
and the fat tissue into approximately 1 kg batches; these
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batches were then packed into separate polyethylene bags, 
vacuum sealed and stored at -18°C until processed (less than 
one month).
Preparation of Ingredients
The formulations used in both phases of the study were 
prepared using a modification of the formulation described 
by the National Livestock and Meat Board as illustrated in 
Tables 3 and 4.
Table 3. Ingredients used in the formulation of the re­
structured beef roasts for Phase 1.
Ingredients Percent Amount 
Used (g)
Lean Tissue1 67.84 1696.04




1 Amount of lean tissue used was based on a crude fat 
content of 3.4%.
2 Amount of fat tissue used was based on a crude fat con­
tent of 21.7%.
Meat Block. The required amounts of frozen lean and 
fat tissue were thawed in a cooler (4°C) for 24 hours. The 
lean and fat tissue were then ground separately in a grinder 
with a 4-arm blade (Butcher Boy Model A52.HF, Laser Manufac­
turing Company, Los Angeles> CA) through a 2.54 cm plate and 
a 0.64 cm plate, respectively.
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Table 4. Ingredients used in each of the four formulations 
of the restructured beef roasts for Phase 2.1
Ingredients Percent Amount Used
(g)
Roast AB.
Lean Tissue1 77.16 1697.56




Lean Tissue 76.00 1671.91
Fat Tissue 12.50 275.09
Water 10.00 220.00
Soy Protein Isolate 1.00 22.00Salt 0.50 11.00
Roast EF.
Lean Tissue 76.81 1689.86
Fat Tissue 12.39 272.54
Water 10.00 220.00
Salt 0.50 11.00
Sodium Tripolyphosphate 0.30 6.60
Roast GH.
Lean Tissue 75.65 1664.22
Fat Tissue 12.55 276.18
Water 10.00 220.00
Soy Protein Isolate 1.00 22.00
Salt 0.50 11.00
Sodium Tripolyphosphate 0.30 6.60
1 The amount of ingredients were calculated based on a 
final roast weight of 2200 g and a fat content of 10%.
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Protein Isolate. Soy protein isolate (Protein 500E, 
Ralston Purina, St. Louis, Missouri) was prepared by dis­
solving the required amount in approximately 150 g of water 
until a smooth consistent slurry was obtained. For for­
mulations not requiring SPI, approximately the same amount 
of water (150 g) was incorporated.
Salt and Sodium Tripolvphosphate. The required amount 
of salt was dissolved in approximately 70 g of warm water in 
a Whirl-Pak bag. If STP (Flavorite Laboratories, Inc., 
Memphis, TN) was required in the formulation, it was added 
along with the salt. The water used to dissolve both the 
SPI and the STP comprised the total amount of water called 
for in the formulation.
Preparation of Restructured Beef Roasts
The individual roasts for Phase 1 were prepared by 
mixing the required amounts of lean tissue, water and salt 
in a KitchenAid Stand Mixer (Model K5-A, Hobart, Troy, Ohio) 
with a hook-type paddle for 5 min at a speed setting of 4 
(on a scale of 10; approximately 120 rpm). After this ini­
tial 5 min mixing period, the fat tissue was added and mix­
ing was continued for an additional 5 min at the same speed.
The roasts for Phase 2 were prepared in a similar man­
ner as in Phase 1. For formulations where the SPI was 
added, the slurry was incorporated along with the fat tis­
sue.
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The meat dough was then stuffed into a rectangular 
stainless steel mold (No. 66-s, Hoy Equipment Co., Milwau­
kee, WI) with internal dimensions of: length * 25.4 cm,
width = 11.4 cm and height = 11.4 cm previously lined with a 
polyethylene bag. Approximately 100 g of each dough was set 
aside to be used for moisture determination of the uncooked 
restructured beef roasts. The dough within the mold was 
hand-pressed to minimize the air spaces within the meat 
dough. The mold was then covered and the latches on the lid 
were engaged at the second notch to insure that uniform 
pressure was applied to the meat dough. The mold was tem­
pered in a cooler (4°C) for 4 hr to harden the meat surface 
and form a crust. The meat block in the polyethylene bag 
was removed from the mold and a copper-constantan stainless 
steel thermocouple (5.56 cm, needle-type model, CNS O.F. 
Ecklund Co., Cape Coral, FL) was immediately inserted into 
each roast so that the tip of the thermocouple was ap­
proximately at the geometric center of the roast. After 
insertion of the thermocouples, the roasts were kept in a 
freezer (-18°C) until cooked.
Moisture Determination
The moisture contents of the uncooked restructured beef 
roasts were determined by AOAC method 24.003 for meat and 
meat products (1984). One hundred g of the meat dough were 
ground through a grinder attachment (Model FG-A, Hobart 
Corp., Troy, OH) to the Hobart Stand Mixer through a 0.48 cm
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plate. Approximately 4-5 g of these samples were then dried 
at 100-102°C in a Gravity convection oven (Model 17, Pre­
cision Scientific Group, Chicago, IL) for 18 hr. The loss 
in weight after drying was equivalent to the moisture of the 
samples and the values were expressed as percent of the raw 
uncooked weight. This analysis was performed in triplicate.
Cooking of the Roasts
Phase 1. The frozen restructured beef roasts were pre­
weighed and secured to the stainless steel carriage rack of 
the waterbath with a nylon string to prevent the roasts from 
floating during the cooking process. The previously in­
serted thermocouples were connected to a data logger (Model 
OM 205, Omega Engineering, Inc., Standford, CT), which was 
utilized to monitor the internal temperature of the roasts 
and the waterbath. The frozen restructured beef roasts were 
then immersed into a preheated (70, 85 or 100°C) Constant
Temperature Bath (Model 1140A-1, Blue M Electrical Company, 
Blue Island, IL) and cooked to an end-point temperature of 
65°C.
The roasts were removed from the waterbath and allowed 
to drain and cool at room temperature (23-27°C) for approxi­
mately 20 min. The cooked roasts were weighed to determine 
the cook yield prior to preparation for the storage treat­
ments. Cook yield was calculated by dividing the weight of 
the roast after cooking by the weight of the roasts prior to 
cooking and expressed as percentage of the uncooked weight.
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Phase 2. Roasts prepared for Phase 2 of this study 
were cooked in the same manner as the roasts for Phase 1 
with the modification that roasts cooked together at a spe­
cific temperature were randomly assigned a position on the 
carriage rack prior to immersion in the preheated waterbath.
Preparation of Cooked Restructured Beef Roasts 
for Storage Treatments
The cooked restructured beef roasts were divided into 
two equal halves and were subdivided with a meat slicer 
(Model No. S-4, Sanitary Scale Company, Belvidere, IL) into 
2.54 cm thick slices. All of the slices were placed in 
polyethylene bags. Slices from one half of each roast were 
immediately vacuum packed at -1000 millibars (Bizerba Model 
R2/100, Bizerba Inc., Edison, NJ) and kept in the freezer (- 
18°C) until analyzed. Similarly, bags with the slices from 
the other half of each roast were stored for 3 days in a 
cooler at 4°C, vacuum packed and frozen at -18°C until ana­
lyzed.
Preparation of Samples for Objective Analyses
Slices used for analyses were thawed overnight in a 
4°C cooler. Slices for TBA analysis and for the analyses of 
total lipid, phospholipids, nonheme iron, total iron and 
Instron shear force values were reheated by microwave (Ther- 
mador Option 3:Microconvection Oven? Model CP55, Thermador 
Division, NI Industries, inc. Los Angeles, CA) to 65°C at 
medium high (80% power). A temperature probe supplied with
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the microwave was used to monitor the internal meat tempera­
ture at the geometric center of the steak. Slices used for 
expressible moisture content and water-binding were not 
reheated and were used immediately upon completion of the 
thawing period.
Expressible Moisture
Expressible moisture was determined using the procedure 
described by Jauregui et al. (1981). A 2.54 cm slice was 
cut off the top edge of each slice alloted for expressible 
moisture determination. After the outer crust (approximate­
ly 2 mm) had been trimmed off, the meat slice was then cut 
into cubes with a 3 mm dimension on each side. The cubes 
were kept in polyethylene bags in a cooler (4°C) until fur­
ther analyses.
One piece of Whatman No. 50 filter paper (7.0 cm dia­
meter, Whatman Laboratory Products, Inc., Clifton, NJ) was 
folded into a thimble after which a piece of Whatman No. 3 
(5.5 cm diameter) was folded over it. Approximately 1.5 g 
of the sample was placed into the thimble and two additional 
pieces of Whatman No. 3 were folded over the two original 
pieces. The filter papers were weighed on a Mettler top- 
loading balance (Model PE 3600, Mettler Instrument Corp., 
Highstown, NJ) before and after addition of sample.
^ The sample in the thimble was then centrifuged in a 50 
ml polycarbonate centrifuge tube at 16,000 rpm (30,900 x g) 
for 15 min in a SS-34 rotor of a refrigerated centrifuge
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(Model RC-5C, Sorvall Instruments, Clinical and Instrumental 
Systems Division, Du Pont Company, Newtown, CT) at 2°C. The 
filter paper and sample were then removed from the tube with 
tweezers, the meat "cake" was removed from the filter paper, 
and the paper reweighed. All samples were run in quadrupli­
cate and the expressible moisture was reported as weight 
lost from the original sample as a percentage of the total 
moisture content of each sample.
Water-Binding
Water-binding was determined using a modification of 
the procedure described by Gierhart and Potter (1978). One 
g samples were added to plastic centrifuge tubes and the 
tubes were weighed. Ten ml of distilled water was then 
added and the samples were vortexed. Samples were held for 
1 hr at room temperature (23-27°C) after which they were 
centrifuged at 2000 rpm (800 x g) for 45 min using Rotor 253 
in an IEC centrifuge (Model CU-5000, International Equipment 
Company, Needham, MA). The free water was poured off, and 
the tubes were inverted at a 45° angle to drain onto absor­
bent paper towels for 30 min. The tubes were then reweighed 
and the differences between the original sample weight and 
the drained weight were expressed as grams of water retained 




The tenderness of the restructured beef roasts was 
measured with the Instron Universal Testing Machine (Model 
1122, Instron Corporation, Canton, MA) with a Kramer shear 
attachment. After reheating, the slices were allowed to 
cool at room temperature (23-27°C) and were then sliced into 
0.64 cm thick slices with an electric meat slicer (Model No. 
S-4, Sanitary Scale Company, Belvidere, IL) . A cardboard 
template (4x4 cm) was used as a reference guide in cutting 
squares of uniform dimensions from these slices for the 
Kramer shear cell. Two squares were obtained from each 
slice for Phase 1 while only one square was obtained per 
slice for Phase 2. The square slices were weighed and 
placed individually into the Kramer shear attachment. The 
machine was set at a crosshead speed, full scale load, and 
chart speed of 50 mm/min, 200 kg and 50 mm/min, respective­
ly. The results were reported in kg force/g sample. This 
analysis was done in hextuplicates for Phase l and in tri­
plicate for Phase 2.
Nonheme Iron Determination
The method of Schricker et al. (1982) was used to de­
termine the nonheme iron content. Meat was ground through a 
Hobart Mixer with a grinder attachment (Model FG-A, Hobart 
Corp., Troy, OH) possessing a 0.43 cm stainless steel plate. 
Five g of meat were weighed into tared 50 ml flasks. Seven 
and a half ml of 6N HCl was added to each flask after which
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7.5 ml of 40% trichloroacetic acid (Mallinckrodt, Inc., 
Paris, KY) was added. The flasks were loosely covered with 
rubber stoppers and were then incubated for 20 hr at 65°c 
in a shaking water bath (Precision scientific Co., Chicago,
IL) . After cooling to room temperature (approximately 20
min) , one ml of the solution above the residue was trans­
ferred to a test tube. Five ml of color reagent were added 
and, after 10 min, the absorbance was read at 536 nm using a 
Response UV-Visible spectrophotometer (Gilford, Corning 
Laboratory Sciences Company, Oberlin, OH).
Color Reagent. The color reagent contained 20 parts 
distilled water, 20 parts saturated sodium acetate, and one 
part sulfonated bathophenanthroline (SB) reagent. Saturated 
sodium acetate was prepared by dissolving 625 g of sodium 
acetate trihydrate (Mallinckrodt, Inc., Paris, KY) in 500 ml 
of distilled water. The SB reagent was prepared by dissolv­
ing 0.162 g of SB (Sigma Chemical Co., St. Louis, MO) per
100 ml of distilled water plus 1 ml of thioglycolic acid 
(Sigma Chemical Co., St. Louis, MO).
Preparation of the Standard Solutions. Approximately 
500 mg of ferrous sulfate heptahydrate (Fisher Scientific 
Co., Fair Lawn, NJ) was dissolved in distilled water to 
which 1 ml of concentrated hydrochloric acid (HC1) had been 
added to keep the iron in the ferrous state. The resulting 
solution was diluted to a final volume of 1000 ml to yield a 
100 parts per million (ppm) stock solution. This stock 
solution was used to prepare standard solutions with final
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concentrations of 1, 2, 3, 4, and 5 ppm. To prepare these 
standard solutions/ 0.1 ml of concentrated HC1 per 100 ml 
volume was also added along with the required amount of 
stock solutions in order to maintain the acidity of the 
stock solution. One ml of each solution was then trans­
ferred to a test tube to which 5 ml of the color reagent was 
added. After 10 min, the absorbance was read at 536 nm 
using a Response UV-Visible spectrophotometer. This ana­
lysis was done in triplicate and the results were expressed 
in micrograms nonheme iron per gram of sample.
Total iron Determination
Wet Digestion. The acid solution used to digest the 
samples was prepared by mixing 7 parts of concentrated 
nitric acid (Mallinckrodt, Inc., Paris, KY) with 1 part of 
70% perchloric acid (Mallinckrodt, Inc., Paris, KY) by 
volume.
Five g samples were weighed into 200 ml beakers that 
had been previously acid-washed with a 50/50 (v/v) nitric
acid/perchloric acid cleaning solution. Forty ml of the 
acid solution was then added and the resultant mixture was 
allowed to stand at room temperature (23-27°C) for at least 
16 hr. The samples were then digested on a temperature- 
controlled hot plate (Thermoplate, Precision Scientific, 
Chicago, IL) until the digesting solution gradually turned 
from canary yellow to a deep crimson red. At this point, 
the beakers were taken off the hot plate and allowed to cool
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to room temperature. After the solutions cooled down, an 
additional 20-30 ml of the digesting acid was added. The 
beakers were then returned to the hot plate and digestion 
was allowed to proceed until the solution became a clear, 
almost colorless solution. The clear solutions were then 
transferred to 50 ml volumetric flasks and diluted to volume 
with distilled water. The solutions were then stored in 
polyethylene bottles at room temperature (23-27°C) until 
further analysis.
Determination of Iron by Atomic Absorption Spectropho­
tometry. The digests were analyzed by an atomic absorption 
spectrophotometer (Model 303OB, Perkin Elmer, Instrument 
Division, Norwalk, CT) equipped with a hollow cathode tube 
for iron (Type 14-386-105S, Fisher Scientific Co., Fair 
Lawn, NJ). The analytical conditions used were a wavelength 
of 248.3 nm, slit width of 0.2 nm with an air-acetylene 
oxidizing flame. This analysis was done in triplicate and 
the results were reported in micrograms of iron per g of 
sample.
Preparation of Standard Solutions. A certified atomic 
absorption standard iron reference solution (1000 ppm,
t
Fisher Scientific Co., Fair Lawn, NJ) was used to prepare 
step-down dilutions of 200, 20, 8, 4, and 2 ppm. One ml of 
70% perchloric acid was added per 100 ml of solution in 
order to simulate the approximate concentration of perchlo­
ric acid in the sample solutions. Solutions with concentra­
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tions of 2, 4 and 8 ppm were used as the standards and were 
analyzed along with the sample solutions.
Thiobarbituric Acid value Determination
Thiobarbituric acid values for the reheated slices 
alloted from each treatment were determined by the distilla­
tion method described by Tarladgis et al. (1960) and modi­
fied by Ockerman (1981).
Preparation of the Samples. Ten g of sample from each 
treatment was mixed with 50 ml of distilled water and homo­
genized in a blender (Osterizer Galaxie Cycle Blend) for 2 
min at the highest speed (liquify cycle). The homogenate 
was then transferred to a 500 ml flat-bottomed flask after 
which 47.5 ml of distilled water and 2.5 ml of 4 N hydro­
chloric acid (HC1) solution were added. The mixture was 
distilled with a high temperature (470 watts maximum power) 
heating mantle (Glas-co Apparatus Company, Terre Haute, IN) 
until 50 ml of the distillate was collected in the volume­
tric flask. Care was taken to assure that the total collec­
tion was accomplished within 10 min from the time heat was 
applied. Five ml of the distillate was transferred to a 
test tube for the TBA assay described below.
Preparation of the Standard Curve. A standard curve 
was prepared with each TBA determination by using a 0.02 M 
stock solution of 1,1,3,3 tetraethoxypropane (TEP) (Sigma 
Chemical Co., St. Louis, MO) to prepare solutions A, B, C, 
D, and E containing 1 x 10"8, 2 x 10~8, 3 x 10“8, 4 x 10-8,
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and 5 x 10”8 moles, respectively. Five ml of each solution 
was transferred to a test tube for the assay. The absor­
bance was plotted versus the concentration and the slope of 
the curve was calculated using regression analysis. All 
analyses were done in duplicate.
Determination of Percent Recovery. The percent re­
covery was determined using the procedure described by 
Kakuda et al. (1981). Standard solutions that were to be 
distilled were prepared using a 10"4 M stock solution of 
TEP. One, two, three, four and five ml of this stock solu­
tion were added to separate volumetric flasks to prepare
solutions A ’, B', C ,  D', and E', respectively. Two and a 
half ml of the 4 N hydrochloric acid solution were added to 
each flask after which all solutions were made up to a 100 
ml volume with distilled water. These solutions were then 
distilled following the procedure described above. Five ml 
of the distillates was transferred into test tubes for the 
assay.
TBA Assay. Five ml of 0.02 M 2-thiobarbituric acid 
(Sigma Chemical Company, St. Louis, MO) solution was added 
to each of the samples to be assayed. The test tubes were 
capped, immersed in a boiling water bath for 35 min, and 
cooled in tap water at room temperature (23-27°C) for 10
min. The absorbance was then measured at 532 nm against a
blank using a Response UV-Visible spectrophotometer.
Calculation of TBA values. The absorbance values of 
each of the distilled standards, i.e. Abs(A'), Abs(B'),
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Abs(C'), Abs(D'), and Abs(E'), obtained after the TBA assay 
were divided by the absorbance values of the undistilled 
standards, i.e., Abs(A), Abs(B), Abs(C), Abs(D), and Abs(E), 
respectively. The average of these five quotients multi­
plied by 100 was taken as the percent recovery.
The value of the slope of the regression line was used 
in calculating the constant (k) (Ockerman, 1981). The k 
value was calculated using the following equation:
Holes of Non-distilled MA 1000 g
O.D. of Non-distilled HA Sample Weight (g)
100 Total Volume of Distillate (ml)x ------------X -------------------------------------------
% Recovery Aliquot Volume of Distillate (ml)
The TBA value, expressed as mg of thiobarbituric acid 
reactive substances (TBRS) per kilogram of sample, was 
calculated by multiplying the absorbance of each sample by 
the calculated k value determined for each sample. This 
analysis was performed in duplicate.
Total Lipids
Total lipids were measured for the reheated restruc­
tured beef slices from both phases of this study by a modi­
fication of the extraction method described by Kinsella et 
al. (1977). Twenty g of each sample was placed into a 
blender (Hodel 9i-263, Waring Commercial Blendor, New Hart­
ford, CT). Sixty ml methanol and 30 ml chloroform were 
added after which the sample mixture was blended at high
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speed for 2 min. An additional 30 ml of chloroform was 
added and the slurry was homogenized for an additional 30 
sec. Thirty ml of distilled water was added and the slurry 
was agitated with a glass stirring rod and filtered through 
a Whatman No. 1 filter paper (7.0 cm diameter) in a Buchner 
funnel to which a slight suction was applied. The filtrate 
was transferred to a cylindrical separatory funnel and per­
mitted to separate into an upper aqueous layer and a lower 
organic layer. The lower clear phase was emptied into a 250 
ml round bottom flask and the contents were concentrated 
with a rotary evaporator at 40°C (Buchi Rotavapor-R, Buchi 
Laboratoriums-Technik AG CH-9230, Flawil/Schweiz, Switzer­
land) until approximately 1 to 2 ml of the concentrate was 
left. The concentrated lipid extract was quantitatively 
transferred to a 25 ml volumetric flask and made up to 
volume with chloroform. Aliquots (0.2 ml) were transferred 
into tared test tubes and allowed to evaporate to constant 
weight at room temperature (23-27°C). The amount of lipid 
was calculated as the difference between the final weight of 
the test tube and the weight of the tared test tube. This 
analysis was done in duplicate and the results were ex­
pressed in percent.
Phospholipids
The phospholipid content of the reheated restructured 
beef roasts from Phase 1 of this study was determined by the 
colorimetric method described by Raheja et al. (1973).
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Preparation of the Chromogenic Solution. The chromoge- 
nic solution was prepared by dissolving 16 g of ammonium 
molybdate (Mallinckrodt, Inc., St. Louis, MO) in 120 ml of 
distilled water to produce solution I. Eighty ml of solu­
tion I was added to 40 ml of concentrated HCl and 10 ml of 
mercury (Fisher Scientific Co., Fair Lawn, NJ). The result­
ing mixture was shaken for 30 min on a vortex mixer (Type 
37600, Model M37615, Thermolyne Maxi Mix II, Thermolyne 
Corp., Dubuque, IA). The liquid was then filtered to yield 
solution II. Two hundred ml of concentrated sulfuric acid 
was carefully added to the remainder of solution I. Solu­
tion II was added to this solution to yield solution III. 
Twenty-five ml of solution III was mixed with 45 ml of 
methanol, 5 ml of chloroform, and 2 0 ml of water to produce 
the chromogenic solution, which was stable for 3 months at 
5°C.
Preparation of the Standard Curve. A stock phosphati­
dyl choline (PC) (Sigma Chemical Company, St. Louis, MO) 
solution was prepared by dissolving approximately 500 mg in 
50 ml chloroform. Aliquots containing 8, 16, 24, 32, and 40 
micrograms of phosphorus were withdrawn from this stock 
solution and transferred into test tubes. The solution was 
allowed to evaporate to dryness at room temperature (23- 
27°C) after which the residual lipid material was dissolved 
in 0.4 ml of chloroform and 0.1 ml of the chromogenic solu­
tion. The test tubes were placed in a boiling water bath 
for 1-1.5 min, allowed to cool to room temperature (23-27°C)
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and stand for an additional 5 min. Five ml of chloroform 
was then added. The mixture was shaken gently and allowed 
to stand for 30 min and the lower blue-colored chloroform 
layer was suctioned off with a Pasteur pipet into quartz 
cuvettes. The absorbance was measured at 724 nm against a 
blank using a Response UV-Vis spectrophotometer. The blank 
was prepared in the same way as the standard except that it 
did not contain the PC. The absorbance was plotted versus 
the phosphorus content and the slope of the curve was calcu­
lated using regression analysis.
Assay of the Test Samples. The test tubes that con­
tained the total lipid samples were subsequently used to 
determine phospholipids. The sample solutions were then 
treated in the same manner as the standard solutions. This 
analysis was done in duplicate and the results of the phos­
pholipid analysis were reported as mg phospholipid per g 
sample.
Sensory Evaluation
Training. Nine graduate students in the Department of
Food Science (Louisiana State University, Baton Rouge, LA)
+
who had previously served on the sensory evaluation panel of 
Tanchotikul (1986) also served on this panel. Originally, 
these panelists were trained in 5 one-hour sessions. In 
addition to these 5 training sessions, the panel had ex­
perience through serving on 3 actual sensory evaluation 
panels as part of Tanchotikul's research (1986). The
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panelists were familiarized with beefy, beany, and warmed- 
over flavor notes in three additional training sessions. 
They were also instructed on the concepts of tenderness and 
juiciness. They were given instructions to masticate the 
sample and then expectorate the residue. Panelists were 
also provided with tap water for oral rinsing between sam­
ples and slices from Red Delicious apples to remove flavor 
carryover. They were asked to evaluate the samples and then 
requested to follow the instructions given in the sensory 
evaluation sheets.
The sensory evaluation scoresheets used in Phase 1 and 
Phase 2 are shown in Figures 1 and 2, respectively. Both 
consisted of a hedonic interval scale with lines 10 cm in 
length with perpendicular anchor points 2 cm apart.
Sample Preparation. In each taste panel session, 
restructured beef slices were reheated in the manner des­
cribed under preparation of reheated restructured beef 
slices. The circumferential crust (approximately 2 mm) was 
trimmed off before each steak was subdivided into ap­
proximately 1 cm x 1 cm x 2.54 cm rectangular cubes. All of 
the cubes were kept warm using a hot sand bath (American 
Meat Science Association, 1978). The sand baths were pre­
pared by placing sand up to a level one-half to two-third 
the height of the trays. These were then placed in an oven 
(Blue M Electrical Company, Blue Island, IL) set at 120°C 
overnight. These trays were then taken out of the oven 




Please taste each sample meticulously before trying to iden­
tify taste sensations. After identifying the sample FLAVOR 
AND TEXTURE place a vertical line across the appropriate 
horizontal line to indicate the intensity of that FLAVOR AND 
TEXTURE. Be sure to mark sample codes in the provided 
spaces.
If you have any questions or need anything else, please 
ask the experimenter. Thank you.
BEEFINESS (ROASTED FLAVOR)
+NOTBEEFY

















Please taste each sample meticulously before trying to iden­
tify taste sensations. After identifying the sample FLAVOR 
AND TEXTURE place a vertical line across the appropriate 
horizontal line to indicate the intensity of that FLAVOR AND 
TEXTURE. Be sure to mark sample codes in the provided 
spaces.
If you have any questions or need anything else, please 
ask the experimenter. Thank you.
BEEFINESS (ROASTED FLAVOR)
NOT |_______ |________.________ |_______ |________| BEEFY
BEEFY 1 1 * 1 1 '
WARMED-OVER FLAVOR (WOF)
WOF ,------- ,--------,-------- j------- ,--------, NO
BEANINESS WOF
BEANY ,______ i_________ j________|_______ , | NOT
1 1 1 1 * 1 BEANY
TENDERNESS
TOUGH |______ |_________ |________|_______ | | TENDER
JUICINESS
DRY |______ l_._ , } , , JUICY
COMMENTS:
Figure 2. Sensory evaluation scoresheet used in Phase 2 of
this study.
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minum foil to provide a clean surface on which the reheated 
samples would be placed. Another sheet of aluminum foil was 
used to cover the reheated cubes.
Conducting the Panels. Each panelist evaluated samples 
from each of the 6 treatments in Phase l and each of the 16 
treatments in Phase 2. Treatments were presented in sets of 
six with 2 cubes in each souffle serving cup for each treat­
ment of Phase 1. For Phase 2, panels were conducted over a 
two-day period for each replication, with a morning and an 
afternoon session per day. In each session, treatments were 
presented in sets of four and served as in Phase 1. Panel­
ists evaluated each treatment using the hedonic scale pre­
viously shown in Figures 1 and 2 for beefiness, warmed-over 
flavor, tenderness and juiciness. The vertical lines marked 
by each panelist on each scale were converted to numerical 
values using a metric ruler. The left endpoint was given a 
value of one (1) and the right endpoint was given a value of 
6.00.
Statistical Analyses
Data were analyzed using the Statistical Analysis Sys­
tem (SAS) (SAS Institute, Inc., Cary, NC) . The Least Sig­
nificant Difference (LSD) method was used to determine sig­
nificant differences between means. Analyses of correlation 
were used to correlate the treatment means of the various 
variables. The sensory data were sorted by panelist. The 
analysis of variance was computed by a general linear model
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procedure. The analysis of variance of the randomized com­
plete block design for the sensory data was also computed by 
a general linear model procedure.
CHAPTER IV
RESULTS 
Phase I:Flavor Aspects 
Effect of Cooking Temperature
Cooking temperature had no significant (P>0.05) effect 
on the mean TBA values (Table 5) although the mean values at 
85 and 100°C tended to be greater than the mean value at 
70°C.
Neither beefiness nor warmed-over flavor (WOF) were 
significantly (P>0.05) affected by cooking temperature 
(Table 5). Only two of the nine panelists (panelists 2 and 
8) were able to detect significant (P<0.05) differences in 
WOF due to differences in cooking temperature (Table 6). No 
panelists were able to detect significant differences in 
beefiness.
The various treatments were analyzed for total lipid, 
phospholipid, nonheme iron, and total iron. Cooking tem­
perature had no effect (P>0.05) on the total lipid and phos­
pholipid mean values (Table 5). However, the mean values
I
for phospholipids were found to be significantly correlated 
with the mean TBA values (Table 7) and also with the mean 
WOF scores (P<0.10; R=-0.81).
The mean nonheme iron or mean total iron were not sig­
nificantly (P>0.05) affected by cooking temperature (Table 
5) . The nonheme iron values for treatments cooked at 100°C
63
64
Table 5. Mean values of TBA, sensory scores for beefiness 
and warmed-over flavor, total lipid, phospho­
lipid, nonheme iron and total iron as influenced 
by cooking temperature (Phase l)1.
Mean Values for: Cooking Temperature (°C)
70 85 100
TBA2 5.49a 7.33a 7.25a





Total Lipid5 6.49a 7.12a 7.03a
Phospholipid6 2.79a 2.83a 3.05a
Nonheme Iron7 5.96a 5.88a 8.64a
Total Iron8 18.08a 28.58a 24.21a
Means with different letters are significantly dif­
ferent (P<0.05) as tested by the Least Significant 
Difference (LSD) method.
Mean of TBA values expressed as mg thiobarbituric acid 
reactive substances (TBRS) per kg sample. Standard 
error = 0.67.
Mean values of beefiness where 1 = no beefy flavor; and 
6 = beefy flavor. Standard error = 0.13.
Mean values of warmed-over flavor where 1 = warmed- 
over flavor and 6 * no warmed-over flavor. Standard 
error =0.22.
Means of percentages of total lipid content. Standard 
error = 0.11.
Mean values of phospholipid content expressed as mg 
phospholipid per gram of sample. Standard error = 
0.18.
Mean values of nonheme iron content expressed as 
micrograms per gram of sample. Standard error = 0.48. 
Mean values of total iron content expressed as micro­
grams per gram of sample. Standard error = 3.60.
65
Table 6. Ability of the nine individual panelists to de­
termine significant differences in beefiness, 
warmed-over flavor, tenderness and juiciness of 
restructured beef roasts as affected by cooking 
temperature and days of storage (Phase l).1
Panelist Factor2 Beefiness WOF Tenderness Juiciness
1 TC +
DS + + + —
2 TC — + +
DS + + + +
3 TC _ — _
DS + + — —
4 TC —
DS — — — —
5 TC _ — —
DS — — —
6 TC — — — —
DS + + — +
7 TC — — — +
DS — + — —
8 TC + — —
DS + + + +
9 TC — — — *
DS •* * + •
A positive (+) sign denotes that the panelist detected 
significant (P<0.05) differences in the particular 
sensory note as affected by a given treatment. A nega­
tive (-) sign denotes the opposite.
TC and DS denote cooking temperature and days of 
storage, respectively.
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Table 7. Correlation coefficients between means of TBA 
values and means of total lipids, phospholipids, 
nonheme iron, heme iron, total iron, and sensory 
scores for beefiness and warmed-over flavor 
(Phase l).
Correlation Coefficients8






Sensory Score for Beefiness6 








Percent total lipid content.
Phospholipid content expressed as mg phospholipid per 
gram of sample.
Nonheme iron values expressed in micrograms per gram 
sample.
Heme iron values expressed in micrograms per gram sam­
ple.
Total iron values expressed in micrograms per gram 
sample.
Mean values of beefiness where 1 = no beefy flavor and
6 «= beefy flavor.
Mean values of warmed-over flavor where 1 = warmed- 
over flavor and 6 = no warmed-over flavor.
Numbers with (a) are significant (P<0.05). Numbers in 
parentheses denote level of significance.
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tended to be greater than the values for treatments cooked 
at the lower temperatures. This result may be important 
because it indicates that temperatures higher than 85°C may 
be required before iron is released from the porphyrin ring.
Effect of Refrigerated Storage
Mean TBA values increased significantly (P<0.05) after 
3 days of refrigerated storage (Table 8) . These results 
were supported by the sensory panelists who found that 
roasts that had been stored were significantly (P<0.05) less 
beefy and possessed significantly (P<0.05) more WOF than 
roasts that were not subjected to refrigerated storage 
(Table 8). As shown in Table 6, five of the nine panelists 
were able to detect (P<0.05) differences in beefiness as 
affected by storage period. In addition, differences in WOF 
were apparent (P<0.05) to six panelists.
The effect of the interaction between cooking tempera­
ture and days of storage on TBA values was significant 
(P< 0.05) (Figure 3). The initial TBA values were the lowest 
for treatments cooked at 100°C. Upon refrigerated storage, 
the TBA values were the lowest for treatments cooked at 
70°C. These results indicate that cooking temperature ef­
fects were not clearly manifested immediately upon comple­
tion of the cooking process. Instead, oxidation had to
proceed over storage before significant differences were 
noted.
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Table 8. Mean values of TBA, sensory scores for beefiness 
and warmed-over flavor, total lipid, phospho­
lipid, nonheme iron and total iron as influenced 
by days of storage (Phase l)1.
Mean Values for: Days of Storage
0 3
TBA2 1.97a 11.40b





Total Lipid5 6.69a 7.06b
Phospholipid6 2.73a 3.05a
Nonheme Iron7 5.69a 7.79b
Total Iron8 24.02a 23.22a
Means with different letters are significantly dif­
ferent (P<0.05) as tested by the Least Significant 
Difference (LSD) method.
Mean of TBA values expressed as mg thiobarbituric acid 
reactive substances (TBRS) per kg sample. Standard 
error = 0.54.
Mean values of beefiness where 1 = no beefy flavor; and 
6 = beefy flavor, standard error = 0.12.
Mean values of warmed-over flavor where 1 = warmed- 
over flavor and 6 = no warmed-over flavor. Standard 
error = 0.18.
Means of percentages of total lipid content. Standard 
error =0.09.
Mean values of phospholipid content expressed as mg 
phospholipid per gram of sample. Standard error = 
0.15.
Mean values of nonheme iron content expressed as 
micrograms per gram of sample. Standard error « 0.48. 
Mean values of total iron content expressed as micro­














Figure 3. The effect of the interaction bet­
ween cooking temperature and days 
of storage on the mean TBA values 
(Phase 1). (Note: TBA values are 
expressed in mg Thiobarbituric 
acid reactive substances (TBRS) 
per kg sample.)*
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The interaction between cooking temperature and days of 
storage had a significant (P<0.05) effect on the sensory 
scores for WOF (Figure 4). The initial WOF score indicated 
treatments cooked at 100°C possessed the least amount of 
WOF. The initial WOF scores for treatments cooked at 70 and 
85°c were similar. However, upon refrigerated storage, WOF 
became more apparent in treatments cooked at 85 and 100°C 
versus treatments cooked at 70°C.
Significant correlations existed between the mean TBA 
values and the mean sensory scores for both beefiness and 
WOF (Table 7). In addition, a significant correlation also 
existed between the mean sensory scores for WOF and the mean 
sensory scores for beefiness (P<0.05; R=0.96).
Total lipid values significantly (P<0.05) increased 
after 3 days of refrigerated storage (P<0.05) although the 
mean phospholipid values and mean total iron values were not 
significantly (P>0.05) affected (Table 8). The mean nonheme 
iron values were also significantly (P<0.05) greater after 3 
days of refrigerated storage.
Phase 1:Textural Aspects 
Effect of Cooking Temperature
The mean percent moisture of the uncooked restructured 
beef roasts was 73.95%. These roasts were cooked at three 
different temperatures in which significantly (P<0.05) lower 
cook yields were obtained at higher cooking temperatures 

















Figure 4. The effect of the interaction bet­
ween cooking temperature and days 
of storage on the mean sensory 
scores for warmed-over flavor 
(PhaBe 1) . (Note:Warmed-over 
flavor scores are 1 - warmed-over 
flavor to 6 ■ no warmed-over
flavor.)
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Table 9. Mean values of cook yield, total moisture, ex­
pressible moisture, water-binding, sensory 
scores for juiciness and tenderness, and Instron 
shear force as influenced by cooking temperature 
(Phase l)1.
Mean Values for: Cooking Temperature (°C)
70 85 100
Cook Yield2 73.57a 65.33b 59 .38c
Total Moisture3 67.25a 64.41b 63 .27C
Expressible Moisture4 56.83a 51.63ab 46 .17b
Water-binding5 0.38a 0.37a 0.39a
Sensory Score for Juiciness6 3.95a 3.65a 3. 20a
Instron Shear Force Value7 5.73a 5.60a 5.31a
Sensory Score for Tenderness8 4.48a 4.31a 4.15a
Means with different letters are significantly dif­
ferent (P<0.05) as tested by the Least Significant 
Difference (LSD) method.
Mean values of cook yield are expressed in percent of 
the raw uncooked weight of the restructured beef 
roasts. Standard error = 0.33.
Mean values of percent moisture of the unreheated 
cooked restructured beef roasts. Standard error « 
0.07.
Mean values of expressible moisture expressed as per­
cent of total moisture of the cooked samples. Standard 
error = 2.01.
Mean values of water-binding expressed as grams of 
water bound per gram of sample. Standard error = 0.02. 
Mean values of juiciness where 1 = not juicy and 6 - 
juicy. Standard error ■ 0.21.
Mean values of shear force expressed as kilograms force 
per gram of sample as determined by with the Kramer 
shear cell attachment to the Instron Universal Testing 
Machine. Standard error = 0.28.
Mean values of tenderness where 1 - tough and 6 = ten­
der. Standard error = 0.12.
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temperatures was lower (P<0.05), indicating that more mois­
ture was retained if the roasts were cooked at the lower 
temperature.
Cooking temperature resulted in significantly (P<0.05) 
greater expressible moisture values at 70°C (Table 9). The 
sensory panelists did not detect any significant differences 
in juiciness (Table 9) although the panelists tended to rate 
the roasts cooked at higher temperatures to be less juicy. 
This tendency was reflected by the fact that mean sensory 
scores for juiciness were significantly correlated (P<0.05; 
R=0.86) with the mean values for expressible moisture. 
Meanwhile, the mean values for water-binding were not sig­
nificantly (P>0.05) affected by cooking temperature. This 
result, in contrast to the significant effect of temperature 
on expressible moisture, may reflect denaturation.
The Instron shear force values were not significantly 
(P>0.05) affected by cooking temperature (Table 9). Al­
though the sensory scores for tenderness tended to decrease 
with increasing cooking temperature, these scores were not 
significantly (P>0.05) affected by cooking temperature.
Effect of Refrigerated Storage
The total moisture content of the cooked restructured 
beef roasts were significantly (P<0.05) lower after 3 days 
of refrigerated storage (Table 10). Although the mean ex­
pressible moisture and water-binding values tended to be
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Table 10. Mean values of total moisture, expressible mois­
ture, water-binding, sensory scores for juici­
ness and tenderness, and Instron shear force as 
influenced by days of storage (Phase l)1.
Mean Values for: Days of Storage
0 3
Total Moisture2 65.95a 64.00b
Expressible Moisture3 52.17a 50.92a
Water-binding4 0.39a 0.36a
Sensory Score for Juiciness5 3.84a 3.36b
Instron Shear Force Value6 5.59a 5.53a
Sensory Score Ĵ or Tenderness7 4.75a 3.88b
Means with different letters are significantly dif­
ferent (P<0.05) as tested by the Least Significant 
Difference (LSD) method.
Mean values of percent moisture of the unreheated 
cooked restructured beef roasts. Standard error = 
0.06.
Mean values of expressible moisture expressed as per­
cent of total moisture of the cooked samples. Standard 
error = 0.77.
Mean values of water-binding expressed as grams of 
water bound per gram of sample. Standard error =* 0.02. 
Mean values of juiciness where 1 *= not juicy and 6 ** 
juicy. Standard error = 0.13.
Mean values of shear force expressed as kilograms force 
per gram of sample as determined with the Kramer shear 
cell attachment to the Instron Universal Testing 
Machine. Standard error = 0.09.
Mean values of tenderness where 1 = tough and 6 = ten­
der. Standard error = 0.21.
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lower after storage, the values were not significantly 
(P>0.05) different (Table 10).
Samples that were exposed to storage were found to be 
less juicy (P<0.05) than the samples that were not subjected 
to storage (Table 10).
Significant differences in the Instron shear force 
values upon storage were not detected (Table 10) . However, 
the sensory panelists rated the samples stored for 3 days to 
be less tender (P<0.05).
Phase 2:Flavor Aspects
Effect of Antioxidants:Sodium Tripolvphosphate and Sov Pro­
tein Isolate
The mean TBA values were found to be lower (P<0.05) in 
roasts with STP. There were no significant differences 
(P>0.05) in beefiness, WOF or beaniness (Table 11). As 
shown in Table 12, none of the panelists detected sig­
nificant differences in these flavor notes due to STP.
Similar results were obtained when soy protein isolate 
was used as the antioxidant. Significantly (P<0.05) lower 
TBA values were obtained in roasts with SPI (Table 13).
I
There were, however, no significant (P>0.05) differences in 
the sensory scores for beefiness, WOF, and beaniness due to 
SPI (Table 13) . None of the nine individual panelists 
detected differences (P>0.05) in these three flavor notes.
The interaction between STP and SPI had a significant 
(P<0.05) effect on the mean TBA values (Figure 5). When STP
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Table 11. Mean values of TBA, and sensory scores for beef­
iness, warmed-over flavor, and beaniness as in­
fluenced by level of sodium tripolyphosphate 
(STP) (Phase 2)1.
Mean Values for: Level of STP (%)
0.0 0.3
TBA2 5.08a 2.61b





Sensory Score for Beaniness5 5.08a 5.21a
Means with different letters are significantly dif­
ferent (P<0.05) as tested by the Least Significant 
Difference (LSD) method.
Mean of TBA values expressed as mg thiobarbituric acid 
reactive substances (TBRS) per kg sample. Standard 
error = 0.54.
Mean values of beefiness where 1 = no beefy flavor; and 
6 = beefy flavor. Standard error “ 0.12.
Mean values of warmed-over flavor where 1 = warmed- 
over flavor and 6 = no warmed-over flavor. Standard 
error = 0,18.
Mean values of beaniness where 1 = beany flavor; and 6 
= no beany flavor. Standard error = 0.08.
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Table 12. Ability of the nine individual panelists to de­
termine significant differences in beefiness, 
warmed-over flavor, beaniness, tenderness and 
juiciness of restructured beef roasts as af­
fected by level of sodium tripolyphosphate, 
level of soy protein isolate, cooking tempera­









1 STP/SPI -/-TC — — - — -
DS - - - - -
2 STP/SPI -/- -/- -/- -/-TC — — - — -
DS + + - + +
3 STP/SPI -/- -/-TC - - - - -
DS + + - -
4 STP/SPI -/- -/- -/- -/-TC - - — - -
DS + - - -
5 STP/SPI -/- -/-TC - - - — -
DS + - + - —
6 STP/SPI -/- -/- -/+TC - - - - -
DS - — — - -
7 STP/SPI -/- -/- -/- +/"TC — — — - —
DS - - - - -
8 STP/SPI -/-TC - — — — -
DS + + - - -
9 STP/SPI -/- -/- -/-TC — - — — —
DS * *
A positive (+) sign denotes that the panelist detected 
significant (P<0.05) differences in the particular 
sensory note as affected by a given treatment. A nega­
tive (-) sign denotes the opposite.
STP, SPI, TC, and DS denote level of sodium tripoly­
phosphate, level of soy protein isolate, cooking tem­
perature, and days of storage, respectively.
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Table 13. Mean values of TBA, and sensory scores for beef­
iness, warmed-over flavor, and beaniness as in­
fluenced by level of soy protein isolate (SPI) 
(Phase 2)1.
Mean Values for: Level of SPI (%)
0.0 1.0
TBA2 4.87a 2.83b
Sensory Score for Beefiness3 4.12a 4.06a
Sensory Score for Warmed-over 
Flavor4 5.11a 5.06a
Sensory Scores for Beaniness5 5.23a 5.06a
Means with different letters are significantly dif­
ferent (P<0.05) as tested by the Least Significant 
Difference (LSD) method.
Mean of TBA values expressed as mg thiobarbituric acid 
reactive substances (TBRS) per kg sample. Standard 
error = 0.28.
Mean values of beefiness where 1 - no beefy flavor; and 
6 = beefy flavor. Standard error = 0.05.
Mean values of warmed-over flavor where 1 = warmed- 
over flavor? and 6 = no warmed-over flavor. Standard 
error • 0.09.
Mean values of beaniness where 1 = beany flavor; and 6 





















Figure 5. The effect of the interaction bet­
ween the level of eoy protein iso­
late (SPI) and the level of sodium 
tripolyphosphate (STP) on the mean 
TBA values (Phase 2). (Note: TBA 
values are expressed in mg 
Thiobarbituric acid reactive 
substances (TBRS) per kg sample.)*
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and SPI were not used, the mean TBA value was highest. In 
the presence of either STP or SPI, the mean TBA values were 
approximately of the same magnitude. The lowest mean TBA 
value was obtained when both antioxidants were present.
Effect of Cooking Temperature
There were no significant (P>0.05) differences in the 
TBA values, sensory scores for beefiness, WOF, and beaniness 
due to cooking temperature (Table 14). Total lipid also was 
not affected (P>0.05) by cooking temperature. None of the 
panelists were able to detect significant (P<0.05) differen­
ces in beefiness, WOF and beaniness due to cooking tempera­
ture (Table 12). The interaction between cooking tempera­
ture and STP had a significant effect upon the mean TBA 
values (Figure 6) . Without STP, the mean TBA values were 
greater for roasts cooked at 100°C. When STP was added, 
roasts cooked at 100°C obtained a final mean TBA value that 
was less than the final value obtained for roasts cooked at 
70°C.
In addition, the three-way interaction between STP, SPI 
and cooking temperature also had a significant (P<0.05) 
effect on the mean TBA values (Figure 7) . Without STP and 
SPI, the mean TBA value was greater at 100°C than at 70°C. 
With 1% SPI, the mean TBA value was less at 70°c. With 0.3% 
STP, the opposite trend was found with a lower TBA value at 
100°C. In the presence of both STP and SPI, the mean TBA 
value was at its lowest.
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Table 14. Mean values of TBA, sensory scores for beefiness, 
warmed-over flavor and beaniness, total lipid, 
nonheme iron and total iron as influenced by 
cooking temperature (Phase 2)1.
Mean Values for: Cooking Temperature (°C)
70 100
TBA2 3. 67a 4.02a





Sensory Score for Beaniness5 5.11a 5.18a
Total Lipid6 11.75a 11.53a
Nonheme Iron7 5.70a 6.78b
Total Iron8 24.11a 25.27a
Means with different letters are significantly dif­
ferent (P<0.05) as tested by the Least Significant 
Difference (LSD) method.
Mean of TBA values expressed as mg thiobarbituric acid 
reactive substances (TBRS) per kg sample. Standard 
error - 0.28.
Mean values of beefiness where 1 - no beefy flavor; and 
6 ■ beefy flavor. Standard error = 0.05.
Mean values of warmed-over flavor where 1 * warmed- 
over flavor and 6 = no warmed-over flavor. Standard
(error = 0.09.
Mean values of beaniness where 1 ■= beany flavor; and 6 
= no beany flavor. Standard error = 0.08.
Means of percentages of total lipid content. Standard 
error * 0.27.
Mean values of nonheme iron content expressed as mi­
crograms per gram of sample. Standard error = 0.29. 
Mean values of total iron content expressed as micro­



















Figure 6. The effect of the interaction bet­
ween cooking temperature and the 
level of sodium tripolyphosphate 
(STP) on the mean TBA values 
(Phase 2). (Note: TBA values are 
expressed in mg Thiobarbituric 
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Figure 7. The effect of the interaction bet­
ween the level of sodium tripoly­
phosphate (STP), the level of soy 
protein isolate (SPI), and cooking 
temperature on the mean TBA values 
(Phase 2). (Note: TBA values are 
expressed in mg Thiobarbituric 
acid reactive substances (TBRS) 
per kg sample.).
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Unlike the results obtained in Phase 1, the mean non- 
heme iron values were significantly (P<0.05) higher for 
treatments cooked at 100°C compared to roasts cooked at 70°c 
(Table 14). The mean total iron values, meanwhile, remained 
approximately constant regardless of cooking temperature 
(Table 14).
Effect of Refrigerated Storage
The mean TBA values were significantly (P<0.05) greater 
after 3 days of storage, while at the same time the roasts 
were rated as having significantly (P<0.05) less beefiness 
and more WOF (Table 15). Only the sensory score for beani­
ness was unaffected (P>0.05) by storage treatment. As in 
Phase 1, significant correlations exists between the mean 
TBA values and the mean sensory scores for both beefiness 
and WOF (Table 16). In addition, a significant correlation 
exists between the mean sensory scores for WOF and the mean 
sensory scores for beefiness (P<0.05; R=0.87).
Compared with the results in Phase 1, there were also 
five panelists who detected significant (P<0.05) differences 
in beefiness (Table 12) . However, only three panelists 
found significant (P<0.05) differences in warmed-over flavor 
and two found differences in beaniness (Table 12).
The mean total lipid and mean nonheme iron values were 
both significantly (P<0.05) greater after 3 days of storage 
(Table 15) . Two interactions, between SPI and days of 
storage and between STP and days of storage had a signifi-
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Table 15. Mean values of TBA, sensory scores for beefiness, 
warmed-over flavor and beaniness, total lipid, 
nonheme iron and total iron as influenced by 
days of storage (Phase 2)1.





Sensory Score for Beefiness3 4.39a 3.78b




Sensory Score for Beaniness5 5.13a 5.16a
Total Lipid6 11.46a 11.82b
Nonheme Iron7 5.8 6a 6.62b
Total Iron8 24.65a 24.74a
Means with different letters are significantly dif­
ferent (P<0.05) as tested by the Least Significant 
Difference (LSD} method.
Mean of TBA values expressed as mg thiobarbituric acid 
reactive substances (TBRS) per kg sample. Standard 
error « 0.28.
Mean values of beefiness where 1 - no beefy flavor; and 
6 = beefy flavor. Standard error = 0.09.
Mean values of warmed-over flavor where 1 = warmed- 
over flavor and 6 = no warmed-over flavor. Standard 
error = 0.08.
Mean values of beaniness where 1 = beany flavor; and 6 
= no beany flavor. Standard error » 0.09.
Means of percentages of total lipid content. Standard 
error *= 0.12.
Mean values of nonheme iron content expressed as mi­
crograms per gram of sample. Standard error = 0.19. 
Mean values of total iron content expressed as micro­
grams per gram of sample. Standard error = 0.28.
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Table 16. Correlation coefficients between means of TBA 
values and means of total lipids, nonheme iron, 
heme iron, total iron, and sensory scores for 
beefiness, warmed-over flavor and beaniness 
(Phase 2).
Correlation Coefficients8
Phase 2. (N = 16)




Sensory Score for Beefiness5 -0.84 (a)Sensory Score for Warmed-over
Flavor6 -0.72 (a)Sensory Score for Beaniness7 0.30
1 Percent total lipid content.
2 Nonheme iron values expressed in micrograms per gram 
sample.
3 Heme iron values expressed in micrograms per gram sam- 
pie.
4 Total iron values expressed in micrograms per gram sam­
ple.
5 Mean values of beefiness where 1 = no beefy flavor and
6 - beefy flavor.
6 Mean values of warmed-over flavor where 1 = warmed- 
over flavor and 6 = no warmed-over flavor.
7 Mean values of beaniness where 1 ■ beany flavor and 6 ** 
no beany flavor.
8 Numbers with (a) are significant (P<0.05). Numbers in 
parentheses denote level of significance.
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cant (P<0.05) effect on the mean TBA values as shown in 
Figure 8 and 9, respectively. In both cases, the initial 
TBA values for roasts with the antioxidant were slightly 
lower than the values for roasts without antioxidant. 
During storage, the ascent of the lines representing roasts 
without antioxidant was steeper leading to final TBA values 
that were considerably higher compared to the final values 
for roasts with antioxidants.
Phase 2:Textural Aspects
Effect of Antioxidants:Sodium Tripolvphosphate and Sov Pro­
tein Isolate
The total moisture contents of the uncooked restruc­
tured beef roasts were not significantly (P>0.05) different 
due to the addition of STP (Table 17). The cook yield 
values were also not significantly (P>0.05) different at the 
two levels of STP. However, the total moisture contents of 
the samples after cooking were significantly (P<0.05) 
greater for roasts with 0.3% STP (Table 17). The total 
lipid values tended to be less at 0.3% STP although the 
difference was not significant (P>0.05).
Mean values for expressible moisture and water-binding 
were not affected (P>0.05) by STP (Table 17). The mean 
values for cook yield were significantly correlated with the 
mean values for expressible moisture (P<0.05; R=0.96) and 
















Figure 8. The effect of the interaction bet­
ween the level of soy protein iso­
late (SPI) and days of storage on 
the mean TBA values (Phase 2). 
(Note: TBA values are expressed in 
mg Thiobarbituric acid reactive 
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Figure 9. The effect of the interaction bet­ween the level of sodium tripoly­phosphate (STP) and days of 
storage on the mean TBA values 
(Phase 2). (Note: TBA values are 
expressed in mg Thiobarbituric 
acid reactive substances (TBKS) 
per kg sample.)*
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Table 17. Mean values of total moisture (uncooked), cook 
yield, total moisture (unreheated) , total 
lipid, expressible moisture, water-binding, 
Instron shear force, and sensory scores for 
juiciness and tenderness as influenced by level 
of sodium tripolyphosphate (STP) (Phase 2)*1
Mean Values for: Level of STP (%)
0.0 0.3






Sensory Score for Juiciness®
Instron Shear Force Value9










Means with different letters are significantly dif­
ferent (P<0.05) as tested by the Least Significant 
Difference (LSD) method.
Mean values of percent moisture of the uncooked re­
structured beef roasts. Standard error *= 0.27.
Mean values of cook yield expressed in percent of the 
raw uncooked weight of the restructured beef roasts. 
Standard error = 0.88.
Mean values of percent moisture of the unreheated 
cooked restructured beef roasts. Standard error = 
0.36.
Means of percentages of total lipid content. Standard 
error » 0.27.
Mean values of expressible moisture expressed as per­
cent of total moisture of the cooked samples. Standard 
error - 0.81.
Mean values of water-binding expressed as grams of 
water bound per gram of sample, standard error = 0.01. 
Mean values of juiciness where 1 * not juicy and 6 ■= 
juicy. Standard error « 0.13.
Mean values of shear force expressed as kilograms force 
per gram of sample as determined with the Kramer shear 
cell attachment to the Instron Universal Testing 
Machine. Standard error * 0.17.
Mean values of tenderness where 1 = tough and 6 « ten­
der. Standard error - 0.11.
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The Instron shear force values and mean sensory scores 
for juiciness and tenderness were not affected (P>0.05) by 
level of STP (Table 17) . Only one panelist was able to 
detect a significant (P<0.05) difference in juiciness, while 
none detected differences in tenderness (Table 12).
Slightly different results were obtained when SPI was 
incorporated. Total moisture values of the uncooked roasts 
were significantly (P<0.05) lower with 1.0% SPI (Table 18). 
The cook yield was similarly affected but the total moisture 
content and total lipid content of the cooked samples were 
not significantly (P>0.05) greater with 1.0% SPI.
The Instron shear force values and mean sensory scores 
were also similar. No significant (P>0.05) differences in 
juiciness or tenderness were found (Table 18) . Table 12 
reveals that two panelists were able to detect significant 
(P<0.05) differences in tenderness.
Effect of Cooking Temperature
Lower cook yields and correspondingly lower moisture 
contents of the cooked samples were obtained at 100°c 
(P<0.05) (Table 19). The amount of expressible moisture was 
also significantly lower (P<0.05) at 100°C, although no sig­
nificant (P>0.05) differences in the sensory scores for 
either juiciness or tenderness were found. Significantly 
(P<0.05) greater water-binding values and Instron shear 
force values were obtained at higher cooking temperatures 
(Table 19) . The mean scores for water-binding were also
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Table 18. Mean values of total moisture (uncooked), cook 
yield, total moisture (unreheated) , total 
lipid, expressible moisture, water-binding, 
sensory scores for juiciness and tenderness and 
Instron shear force values as influenced by 
level of soy protein isolate (SPI) (Phase 2)*1
Mean Values for: Level of SPI (%)
0.0 1.0






Sensory Score for Juiciness8
Instron Shear Force Value9










Means with different letters are significantly dif­
ferent (P<0.05) as tested by the Least Significant 
Difference (LSD) method.
Mean values of percent moisture of the uncooked re­
structured beef roasts. Standard error = 0.27.
Mean values of cook yield expressed in percent of the 
raw uncooked weight of the restructured beef roasts. 
Standard error = 0.88.
Mean values of percent moisture of the unreheated 
cooked restructured beef roasts. Standard error = 
0.36.
Means of percentages of total lipid content. Standard 
error = 0.27.
Mean values of expressible moisture expressed as per­
cent of total moisture of the cooked samples, standard 
error = 0.81.
Mean values of water-binding expressed as grams of 
water bound per gram of sample, standard error 0.01. 
Mean values of juiciness where 1 = not juicy and 6 = 
juicy. Standard error - 0.13.
Mean values of shear force expressed as kilograms force 
per gram of sample as determined with the Kramer shear 
cell attachment to the Instron Universal Testing 
Machine. Standard error « 0.17.
Mean values of tenderness where 1 = tough and 6 * ten­
der. Standard error = 0.11.
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Table 19. Mean values of cook yield, total moisture, ex­
pressible moisture, water-binding, sensory 
scores for juiciness and tenderness, and In­
stron shear force as influenced by cooking 
temperature (Phase 2)1.
Mean Values for: Cooking Temperature
(°C)70 100
Cook Yield2 72.20a 57.94b
Total Moisture3 i 63.84a 59.80b
Expressible Moisture4 57.83a 42.25b
Water-binding5 0.35a 0.40b
Sensory Score for Juiciness6 3.67a 3.67a
Instron Shear Force Value7 5.51a 6.36b
Sensory Score for Tenderness® 4.05a 4.00a
Means with different letters are significantly dif­
ferent (P<0.05) as tested by the Least Significant 
Difference (LSD) method.
Mean values of cook yield are expressed in percent of 
the raw uncooked weight of the restructured beef 
roasts. Standard error = 0.86.
Mean values of percent moisture of the unreheated 
cooked restructured beef roasts. Standard error = 
0.36.
Mean values of expressible moisture expressed as per­
cent of total moisture of the cooked samples. Standard 
error = 0.81.
Mean values of water-binding expressed as grams of 
water bound per gram of sample. Standard error - 0.01. 
Mean values of juiciness where 1 * not juicy and 6 = 
juicy. Standard error = 0.13.
Mean values of shear force expressed as kilograms force 
per gram of sample as determined by the Kramer shear 
cell attachment to the Instron Universal Testing 
Machine. Standard error =0.17
Mean values of tenderness where 1 = tough and 6 = ten­
der. Standard error = 0.11.
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significantly (P<0.05; R=-0.69) correlated with the mean
scores for expressible moisture.
Effect of Refrigerated Storage
The total moisture content of the cooked roasts de­
creased considerably (P<0.05) after storage (Table 20). 
Although the expressible moisture values remained constant 
(P>0.05), the roasts stored for 3 days were found to be less 
juicy and less tender (P<0.05). Significantly (P<0.05) 
greater water-binding values and Instron shear force values 
were obtained after refrigerated storage (Table 20) . The 
interaction of cooking temperature and days of storage also 
had a significant (P<0.05) effect on the mean Instron shear 
force values (Figure 10). As seen in Figure 10, the initial 
shear force values were lower for roasts cooked at lower 
temperature. Upon storage, the values for roasts cooked at 
70°C gradually increased while the shear force values of 
roasts cooked at 100°C remained constant.
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Table 20. Mean values of total moisture, expressible mois­
ture, water-binding, sensory scores for juici­
ness and tenderness, and Instron shear force as 
influenced by days of storage (Phase 2)1.
Mean Values for: Days of Storage
0 3
Total Moisture2 62.07a 61.57b
Expressible Moisture3 51.73a 51.35a
Water-binding4 0.35a 0.40b
Sensory Score for Juiciness5 3.80a 3.54b
Instron Shear Force Value6 5.81a 6.06b
Sensory Score for Tenderness7 4.18a 3.87b
Means with different letters are significantly dif­
ferent (P<0.05) as tested by the Least Significant 
Difference (LSD) method.
Mean values of percent moisture of the unreheated 
cooked restructured beef roasts. Standard error =
0.09.
Mean values of expressible moisture expressed as per­
cent of total moisture of the cooked samples. Standard 
error ■ 0.35.
Mean values of water-binding expressed as grams of 
water bound per gram of sample. Standard error * 0.01. 
Mean values of juiciness where 1 = not juicy and 6 » 
juicy. Standard error ■ 0.07.
Mean values of shear force expressed as kilograms force 
per gram of sample as determined with the Kramer shear 
cell attachment to the Instron Universal Testing 
Machine. Standard error = 0.09.
Mean values of tenderness where 1 = tough and 6 * ten­

















Figure 10. The effect of the interaction bet­
ween cooking temperature and days 
of storage on the Instron shear 
force values (Phase 2). (Note: 
Instron shear force values are 
expressed in kg force per kg sample.)
CHAPTER V
DISCUSSION 
Phase 1:Flavor Aspects 
Effect of Cooking Temperature
The objective of the first phase of this study was to 
determine the effect of cooking temperature, or rate of 
heating, on the development of oxidation. It was found that 
roasts cooked at higher temperatures had a greater tendency 
to undergo oxidation, which could be attributed to several 
factors. First of all, cooking at a higher temperature may 
have caused a greater amount of rupture of the muscle mem­
branes, which may have led to the exposure of the unsatu­
rated portions of the polyunsaturated fats to catalysts of 
oxidation. This rupture may have made the lipids more sus­
ceptible to complete detachment from the membrane during 
further maceration of the tissue during the fat determina­
tion procedure. This possibility exists considering the 
greater total lipid values at 85 and 100°C compared to 70°C 
although the differences were not significant.
Secondly, it is also possible that higher cooking tem­
peratures facilitate the cleavage of the iron moiety from 
the porphyrin ring of the hemoproteins (Chen et al., 1984). 
This occurrence would result in an increase in the nonheme 
iron thus contributing to the development of oxidation. It 
has been shown in this study that the higher nonheme iron
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value at 100°c corresponded with a higher TBA value, al­
though the differences between these values and the cor­
responding values at lower cooking temperatures were not 
significant.
Correlations between TBA values and total lipids, phos­
pholipids, and nonheme iron indicate the likelihood that 
these three factors contribute to the development of oxida­
tion. Although the level of phospholipids was not affected 
by cooking temperature, its correlation with the TBA values 
was significant, thus emphasizing its primary role in the 
development of oxidation. This result is not surprising 
since its high concentration of unsaturated fatty acids make 
it a prime candidate for oxidation. Consequently, various 
lipid oxidation products would have been produced that even­
tually lead to higher TBA values and more WOF.
These results agree with the findings of Wilson et al. 
(1976) who also found significant correlations between TBA 
values and phospholipids. They studied the effect of total 
lipids and phospholipids on WOF in red and white muscles in 
turkey, chicken, pork, beef and mutton. They suggested that 
phospholipids play a major role in the development of WOF.
Pikul et al. (1984) found that the phospholipid frac­
tion contributed approximately 90% of the malonaldehyde 
measured in total fat from chicken meat. Keller and Kin- 
sella (1973) found that the marked increases in TBA values 
of cooked hamburgers were consistent with the observed
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decreases in phospholipids, reflecting lipid oxidation 
during cooking.
Objective measures of lipid oxidation such as the thio- 
barbituric acid (TBA) method are normally supported by sub­
jective evaluation in the form of sensory data. The rela­
tive inability of the panelists in this study to detect 
differences due to a change in processing, e.g., increasing 
the cooking temperature, may indicate that the changes 
brought about by differences in processing may be below 
their threshold of detection. Since this panel would be 
relatively more trained than the ordinary consumer, these 
changes would most probably be even less perceptible to the 
consuming public.
Effect of Refrigerated Storage
Tims and Watts (1958) found that the TBA values of 
cooked meat increased rapidly within a few hours after cook­
ing. This increase was accompanied by the development of 
off-odors and flavors. Wilson et al. (1976) also found that 
the most dramatic change in TBA values occurred during 
storage of cooked meat at refrigeration temperatures (48 
hours at 4°C). In a similar manner, Igene and his coworkers 
(1979) found that cooked meat subsequently held at 4°C for 
48 hr was more susceptible to development of off-flavor than 
similar samples held at -18°C for 48 hr. This study has 
shown that TBA values increased upon refrigerated storage. 
This was accompanied by lowered values for beefiness and
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WOF. These results confirm the observation that lipid oxi­
dation occurs to a significant degree in cooked meat upon 
refrigerated storage as manifested by both objective and 
subjective analyses.
The interaction between cooking temperature and 
refrigerated storage found in this study establishes the 
possibility that conditions are generated during cooking 
that have an impact upon oxidation in subsequent storage. 
The effects of cooking temperature may not be clearly mani­
fested at the outset by either objective or sensory ana­
lysis. Rather, upon storage, differences in oxidation de­
velop to an extent that becomes detectable. A similar re­
lationship was observed by Tanchotikul (1986).
Dehydration of the samples would only account partially 
for the higher total lipid and nonheme iron values after 
refrigerated storage. There is a possibility that the free 
radicals formed during oxidation could cause further rupture 
of the cellular membrane or lysiB of the myoglobin molecule 
and other proteins. These events would make the lipid and 
the nonheme iron more prone to extraction during the ana­
lyses. It should be noted that the total iron value de­
clined, although not significantly, during storage.
Freezer storage is a possible alternative that would 
reduce the development of oxidation. During freezer 
storage, the effects of various cooking temperatures may not 
develop as rapidly. Dehydration would be minimized and free 
radical generation would be controlled because of the in­
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hibitory effect of freezer storage on lipid oxidation (Igene 
et al., 1979).
The correlation between TBA values and the sensory 
scores for both beefiness and WOF suggests that the TBA 
method may be used as an indicator of the development of 
oxidative rancidity. In spite of the various criticisms 
that this method has received such as its lack of selec­
tivity and sensitivity, it still has wide acceptance by 
virtue of the good correlation that is obtained with sensory 
data. The correlations obtained in this study support this 
contention.
Phase 1:Textural Aspects 
Effect of Cooking Temperature
One of the more immediate and obvious manifestations of 
the effect of cooking temperature is cook yield. Visual 
examination of the roasts immediately after cooking gave a 
good indication of cook yield. Cooking at lower tempera­
tures resulted in higher cook yields. At lower cooking 
temperatures, denaturation and coagulation of the myofi­
brillar proteins occur at a slower rate (Laakkonen, 1973). 
The protein-protein and protein-water interactions are main­
tained. As a result, migration of the water to the surface 
of the roast during cooking was most likely reduced.
Similar results were found by Taki (1965) who found 
that a slower rate of heating produced a higher cook yield 
in the longissimus dorsi muscle. Broiling steaks aged for 8
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days in a preheated electric oven to an internal temperature 
of 77°C caused a mean cook yield greater than the cook yield 
obtained by deep-fat frying of the same kind of steaks 
cooked to the same internal temperature.
Schock et al. (1970) also found that a lower rate of 
temperature rise seemed to give better results than fast 
heating of beef semimembranosus muscles. Oven roasting, 
where the rate of temperature rise was lowest, resulted in 
the highest cook yield. Pressure braising, meanwhile, pro­
duced the lowest cook yield where the rate of temperature 
rise was highest.
These results are in contrast to the results obtained 
by Locker and Daines (1974). In their study, samples from 
the sternomandibularis and rectus muscles were subjected to 
both normal fast cooking (40 min at 80°C) and to slow cook­
ing. The slow cook sample was cooked in a water bath start­
ing at room temperature and rising to 80°C in 55 min, fol­
lowed by an extra 30 min at 80°C. They found that slow 
cooking gave lower cook yields than fast heating. The re­
sults of this study support the observations that increasing 
cooking temperature or rate of heating reduced the cook 
yield.
Expressible moisture is the amount of liquid expressed 
from a protein system by the application of force (Jauregui 
et al., 1981). It measures the amount of loose water re­
leased due to the application of external force, which in 
this study, involved centrifugation. It was found that a
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greater amount of expressible moisture was available In 
roasts cooked at lower temperatures. By cooking at such 
temperatures, more loose water was retained and subsequent­
ly, less water was lost during the cooking process when 
compared with cooking at the higher temperatures. This 
phenomena could be accounted for by shrinkage caused by 
coagulation of muscle proteins that exudes water from the 
muscle tissue. This includes the thermal shrinkage of col­
lagen fibers in the connective tissue. The fact that there 
were no differences in water-binding capacity between cook­
ing treatments supports this possibility. Denatured pro­
teins would be less able to bind water. Schock et al. 
(1970) found that low cooking temperatures (oven roasting) 
resulted in the highest press fluid yield while high cooking 
temperatures (pressure braising) gave the lowest yield.
The greater amount of expressible moisture in roasts 
cooked at the lower temperature could possibly make a con­
tribution to the overall perception of juiciness of the 
product. The inability of the panelists to detect differ­
ences in juiciness could be partly attributed to their lack 
of sensitivity; it is also possible that reheating the 
steaks prior to serving may have negated any differences in 
juiciness. A visual examination of the roasts immediately 
after cooking and prior to preparation for storage indicated 
that the roasts cooked at the higher temperatures had a 
smaller amount of exudate, which may have reflected greater 
losses during cooking. Reheating was done with a microwave
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and enough heat could have been supplied to overcome dif­
ferences in juiciness. Again, visual examination of the 
roasts immediately after microwave reheating revealed that 
there was considerably more drip loss in samples that had 
been previously cooked at 70°C.
The correlation exhibited between expressible moisture 
values and the sensory scores for juiciness suggest that 
expressible moisture may be a good indicator of juiciness. 
Tilgner and Osinska (1956), as cited in Hamm (1960) also 
found a good correlation between subjective scores of 
juiciness and amount of expressible moisture. Similarities 
between this study with other results should be viewed with 
caution in view of the fact that different reheating methods 
could have been used. The method and extent of reheating 
would affect the amount of "juice" left in the reheated 
product, thus potentially affecting the subjective evalua­
tion of juiciness.
The tendency of the sensory panelists to rate roasts 
cooked at higher temperatures as being less tender could be 
accounted for by excessive myofibrillar hardening brought 
about by the high cooking temperature that may have caused 
increased toughness (Laakkonen, 1973). Because of the rapid 
increase in the internal temperature of the roast, insuffi­
cient time was allowed for collagen solubilization to take 
place (Laakkonen, 1973). Cooking at lower temperatures, 
meanwhile, may facilitate the solubilization of the con­
nective tissue with a minimal degree of myofibrillar harden­
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ing. As a result, the perception of tenderness tended to 
improve at lower cooking temperatures.
Other researchers (Bramblett et al., 1959; Bramblett 
and Vail, 1964; Bayne et al., 1969) have found that roasting 
beef at very low oven temperatures (66-122°C) for long 
periods of time produced more tender meat than roasting at a 
higher temperature (149-163°C) for a shorter time. Paul 
(1963) also suggested that slower rates of heat penetration, 
resulting in prolonged periods of time in the 57-60°c range, 
may promote greater degradation or softening of connective 
tissue without extensive hardening of muscle fibers. It has 
also been suggested (Davey and Niederer, 1977) that heating 
up to 65°C increased proteolytic enzyme activity and im­
proved meat tenderness by decreasing myofibrillar tensile 
strength.
Effect of Refrigerated Storage
Sensory scores for juiciness and tenderness were lower 
after refrigerated storage. This decline could be at­
tributed to additional myofibrillar hardening brought about 
by the partial dehydration of the samples during refrige­
rated storage. This partial dehydration could also con­
tribute to the perception of toughness and dryness by the 
sensory panel.
Phase 2:Flavor Aspects
Effect of Antioxidants:Sodium Trlpolyphosohate and Sov Pro­
tein Isolate
The two antioxidants used in this study were sodium 
tripolyphosphate (STP) and soy protein isolate (SPI). 
Sodium tripolyphosphate is known to be a metal chelator. It 
would act as an antioxidant by tying up the metal ions, 
primarily iron, and preventing these ions from acting as 
catalysts of oxidation. Soy protein isolate acts as an 
antioxidant by virtue of the presence of various polyphe- 
nolic compounds that serve as free radical scavengers (Pratt 
and Birac, 1979).
This study has shown that both STP and SPI serve as 
effective antioxidants as evidenced by the lower TBA values, 
although their effect was not manifested sensorially. The 
interaction between STP and SPI suggests that they may have 
a synergistic effect in reducing TBA values. This synergism 
would have its maximum effect at a point corresponding to a 
specific amount of both STP and SPI. Beyond this point, 
increasing the amount of STP in the presence of SPI would 
not be as effective as increasing the amount of STP alone. 
Similar results have been demonstrated by Tims and Watts 
(1958) who have previously shown that a combination of 
ascorbates and phosphates synergistically act to retard the 
development of rancidity.
The observed interaction could have an impact in pro­
duct formulation wherein there may be legal and sensory
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limitations to adding high amounts of the individual an- 
tioxidant. Legal restrictions dictate the maximum amount of 
any given substance that could be added to food. Before 
these levels are reached, the amount used becomes self- 
limiting because of unacceptable sensory characteristics. 
Thus, to attain the same antioxidative effect, a combination 
of two or more antioxidants could be used at lower levels 
similar to this study.
Effect of Cooking Temperature
The interactions found in this study indicate that the 
two antioxidants are more effective at different tempera­
tures. SPI was more effective at 70°C while STP had a 
greater effect at 100°C. A greater amount of nonheme iron 
at 100°C would be expected to produce higher TBA values as 
was observed in this study. When STP was used, however, TBA 
values were lower when nonheme iron values were higher (at 
100°C) . This would suggest that the STP was effective in 
overcoming the catalytic nature of the nonheme iron. On the 
other hand, at the 70°C temperature where nonheme iron was 
lower, TBA values in the phosphate treatment were higher. 
This suggests that the catalytic system was less influenced 
by STP in that the catalytic nature of iron in the heme form 
may be less affected. Halliwell and Gutteridge (1986) 
pointed out that the iron released from the porphyrin com­
plex (nonheme iron) could be bound by chelating agents.
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The reason that SPI was more effective in reducing 
lipid oxidation at the 70°C temperature could be related to 
a reduction in free radical abundance due to its phenolic 
compounds. During the longer heating time associated with 
the lower temperature, it might be expected that free radi­
cal generation would be greater. The synergistic effect of 
STP and SPI is probably manifested as a result of the com­
bination of these two different mechanisms of oxidative 
inhibition.
The higher nonheme iron values at 100°C may be caused 
by the abstraction of iron from the porphyrin ring of the 
hemoprotein. These results are in contradiction to the 
results reported by Chen et al. (1984) who found that slow 
heating resulted in the release of more nonheme iron than 
fast heating. This difference could be partly attributed to 
the systems used, since in their study, a meat model system 
was used. They postulated, therefore, that the rapid in­
crease of temperature in the extract induced coagulation of 
the myoglobin molecule before the iron had an opportunity to 
be cleaved from the porphyrin moiety. In a larger system, 
such as a restructured beef roast, the temperature rise may 
not be that rapid, even at an elevated cooking temperature. 
Thus, coagulation of the myoglobin molecule would not be a 
predominant mechanism. Instead, cleavage of the iron from 
the porphyrin ring would be more likely.
Smith et al. (1987) found that acid soluble (nonheme) 
iron concentration was not affected by heating. They sug­
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gested that acid soluble iron released from protein did not 
serve as a catalyst in development of WOF during cooking of 
chicken. However, the methods used to measure changes in 
iron at the low concentrations found in chicken breast meat 
may not have been sufficiently accurate.
Effect of Refrigerated Storage
The TBA values of the roasts increased after three days 
of refrigerated storage. These roasts were also judged to 
possess less beefiness and more WOF. The results obtained 
in this phase were similar to results obtained in Phase 1.
The decline in the number of panelists able to detect 
significant differences in beefiness and WOF could be at­
tributed to the incorporation of STP and/or SPI. These 
substances altered the intensity of the two flavor notes and 
consequently, the sensorial significance of the differences 
could have decreased.
In a similar study (Gros et al., 1986), sensory panel­
ists failed to detect differences in flavor as a result of 
the different cooking methods that were used, namely micro­
wave, microwave/convection and oven broiling. These same 
panelists, however, were able to detect deteriorating 
changes in flavor after refrigerated storage. These results 
demonstrate that sensory panelists are usually capable of 
detecting pronounced changes in flavor notes such as WOF 
brought about by refrigerated storage. When the changes are 
more subtle, such as those brought about by different heat­
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ing methods or different heating rates, the smaller changes 
in intensity may be below the threshold of sensitivity of 
the individual panelists.
The interactions between the antioxidants and days of 
storage indicate that the development of oxidation is de­
pendent on several factors. Tanchotikul's (1986) results 
suggested that the initial TBA values are important in 
cooked beef and should be minimized. This study indicates 
that the catalytic system established during cooking is also 
important. The concentration of the lipid substrate and the 
iron catalyst, both of which were affected by cooking tem­
perature, could have enhanced oxidation. The concentration 
of the antioxidants that occurred due to the dehydration 
that took place during refrigerated storage, could also 
accentuate their effects over time.
Phase 2:Textural Aspects
Effect of Antioxidants;Sodium Tripolvphosohate and Sov Pro­
tein Isolate
Sodium tripolyphosphate and SPI are known to be good 
water-binding agents. Results of this study indicate that 
they did not have any significant effect upon the cook 
yield, expressible moisture, water-binding and Instron shear 
force values of the restructured beef roasts.
Effect of Cooking Temperature
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Cooking at 100°C resulted in a lower cook yield and 
less total moisture and expressible moisture in the cooked 
product compared to cooking at 70°C. Sensory scores for 
juiciness and tenderness were not affected, however. The 
greater water-binding values at 100°C would suggest that 
cooking at elevated temperatures does not entirely eliminate 
the ability of the proteins to bind water. This effect was 
not seen in Phase 1. Hydrophilic sites would most probably 
still be available for water-binding upon the addition of an 
excess amount of water during the procedure. The signifi­
cantly higher expressible moisture of samples cooked at the 
lower temperature is related to a higher amount of available 
moisture left after cooking.
The greater shear force values obtained by cooking at 
100°C were similar to the results of Abugroun et al. (1985) 
who studied the effect of heating rate on the muscles of 
beef carcasses. In their study, slow heating of post-rigor 
beef resulted in a more tender product.
Effect of Refrigerated Storage
Refrigerated storage resulted in decreased total 
moisture values of the cooked roasts. Although the 
expressible moisture values were not affected, sensory 
scores for juiciness and tenderness of the roasts were lower 
after storage. In contrast to the results obtained in Phase
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1, water-binding and Instron shear force values were both 
significantly greater after 3 days of storage.
The interaction between cooking temperature and storage 
indicates that greater shear force values tended to develop 
upon refrigerated storage. During this period, the roast 
surfaces were exposed to the atmosphere allowing evaporation 
from the cut surfaces. This dehydration then caused fur­
ther toughening. Meanwhile, decreases in tenderness due to 
dehydration did not occur in roasts cooked at the higher 
temperature because the mean Instron shear force values did 
not change during refrigerated storage. The water molecules 
that were susceptible to dehydration during refrigerated 
storage may have already been lost during the cooking pro­
cess. As a result, the majority of the bulk water could 
have been lost, leaving more inaccessible water molecules in 
the interior of the roast. The energy required to bring 





Beef chuck was used to manufacture restructured beef 
roasts using a modified formulation described by the Nation­
al Livestock and Meat Board. In Phase 1, roasts were cooked 
in a waterbath preheated to 70, 85 and 100°C to an endpoint 
temperature of 65°c. The percent cook yield was calculated 
by weighing the roasts before and after cooking. The roasts 
were divided into 2 parts for the storage study. One half 
was kept at 4°C for 0 day while the other half was stored 
for 3 days at the same temperature. After the storage 
period, the samples were kept frozen (-18°C) until analyzed. 
Samples used for thiobarbituric acid (TBA) analysis, total 
lipids, phospholipids, nonheme iron, total iron and sensory 
evaluation were reheated by microwave to a final internal 
temperature of 65°C. Samples used for expressible moisture 
and water-binding were allowed to thaw overnight in the 
cooler (4°C) without any reheating prior to analysis.
In Phase 2 of this study, three additional formulations 
were made: one with the incorporation of sodium tripoly­
phosphate (STP), one with the incorporation of soy protein 
isolate (SPI), and one with the incorporation of both STP 
and SPI. The roasts were then cooked in a waterbath pre­
heated to 70 and 100°C to an endpoint temperature of 65°C. 




The TBA values were used to monitor the development of 
oxidation in the samples. The interaction between cooking 
temperature and days of storage suggests that roasts cooked 
at a higher temperature had a greater tendency to develop 
warmed-over flavor. At higher cooking temperatures, more 
prooxidative materials, such as nonheme iron may be produced 
during the cooking process. These differences were not 
detected by the sensory panel.
Sodium tripolyphosphate and SPI were found to reduce 
TBA values. Sodium tripolyphosphate may have acted by che­
lating the metal catalysts such as nonheme iron. Meanwhile, 
SPI could have acted through the presence of phenolic free 
radical scavengers.
The effect of the interaction between cooking tempera­
ture and level of STP on the TBA values suggests that STP is 
a more effective antioxidant at higher cooking temperatures. 
Similarly, it could be postulated that STP and SPI acted 
synergistically by virtue of the combined effect of the 
different mechanisms of oxidative inhibition.
The TBA values increase after 3 days of refrigerated 
storage. The sensory panelists were able to detect less 
beefiness and more WOF after storage. The significant cor­
relation between the sensory scores for beefiness and sen­
sory scores for WOF indicate that the TBA method is a good 
means for following lipid oxidation.
Neither cooking temperature nor days of storage had a 
significant effect on the mean values for phospholipids.
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There was, however, a significant correlation of the mean 
values for phospholipids with the mean TBA values and with 
the mean sensory scores for WOF. This attests to the con­
tribution of phospholipids to the development of lipid oxi­
dation as manifested both objectively and subjectively. 
Phospholipids have a greater degree of unsaturation thus 
making them more prone to oxidation.
Mean nonheme iron values were significantly greater at 
higher cooking temperatures. This phenomenon could be due 
to the abstraction or removal of the iron moiety from the 
porphyrin ring of the hemoprotein. Nonheme iron could then 
act as a prooxidant within the cooked meat matrix.
Cooking at elevated temperatures resulted in lower cook 
yields. The moisture contents of the cooked samples were 
considerably greater at the lower cooking temperatures. 
These results would indicate that cooking at higher tempera­
tures results in a greater fluid loss, which is composed 
primarily of water. The amount of water remaining after 
cooking would be smaller compared to samples that were 
cooked at lower temperatures. These differences in water 
losses could be attributed to the extent to which protein 
denaturation proceeds during the cooking process. It could 
be implied, therefore, that more denaturation has occurred 
at the higher cooking temperatures.
Mean values for expressible moisture were greater at 
70°C than at 100°C. At 70°C, this corresponded to higher 
cook yields. This relationship suggests that cooking at
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lower temperatures results In a greater amount of bulk water 
after cooking. The lack of differences in water-binding may 
suggest that greater denaturation occurs at higher tempera­
tures .
The sensory panelists did not find significant dif­
ferences in juiciness as affected by cooking temperature. 
Samples that were kept in refrigerated storage were rated to 
be less juicy as a result of moisture evaporation during 
storage.
Mean Instron shear force values increased with increas­
ing cooking temperature. Although these results were not 
supported by the sensory data, the mean sensory scores for 
tenderness tended to decrease with increasing cooking tem­
perature. The higher cooking temperature may have favored 
myofibrillar hardening over collagen solubilization thus 
producing less tender products.
The mean Instron shear force values increased during 
refrigerated storage. These results were confirmed by the 
sensory panelists who found that the stored samples were 
considerably less tender than samples that were not stored. 
These results could be attributed primarily to additional 
myofibrillar hardening as result of dehydration during re­
frigerated storage.
Processing variables including cooking temperature, 
refrigerated storage, and antioxidants have been shown to 
affect the flavor and structural stability of restructured 
beef roasts. Based on the results of this study, recom­
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mendations could be made to incorporate antioxidants such as 
sodium tripolyphosphate and soy protein isolate in restruc­
tured beef roasts. These roasts should be cooked at lower 
temperatures (70°C) and placed in freezer storage. Under 
these conditions, flavor and textural deterioration will be 
reduced.
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Table A.I. Mean values of nonheme iron as influenced by 
levels of sodium tripolyphosphate (STP) (Phase 
2).




(1) Mean values of nonheme iron content expressed as micro­
grams per gram of sample. Means with the same letter 
are not significantly different at alpha = o.05, as 
tested by Least Significant Difference (LSD) method. 
Standard error = 0.29.
Table A.2. Mean values of nonheme iron as influenced by 
levels of soy protein isolate (SPI) (Phase 2).




(1) Mean values of nonheme iron content expressed as micro­
grams per gram of sample. Means with the same letter 
are not significantly different at alpha ■ 0.05, as 
tested by Least Significant Difference (LSD) method. 
Standard error ■ 0.29.
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Table A. 3. Mean values of heme iron content as influenced 
by cooking temperature (Phase 1).





(1) Mean values of nonheme iron content expressed as 
micrograms per gram of sample. Means with the same 
letter are not significantly different at alpha = 
0.05, as tested by Least Significant Difference (LSD) 
method. Standard error - 2.91.
Table A.4. Mean values of heme iron as influenced by cook­
ing temperature (Phase 2).




(1) Mean values of heme iron content expressed as micro­
grams per gram of sample. Means with the same letter 
are not significantly different at alpha « 0.05, as 
tested by Least Significant Difference (LSD) method. 
Standard error * 0.60.
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Table A. 5. Mean values of heme Iron content as influenced 
by days of storage (Phase 1).




(1) Mean values of heme iron content expressed as micro­
grams per gram of sample. Means with the same letter 
are not significantly different at alpha = 0.05, as 
tested by Least Significant Difference (LSD) method. 
Standard error = 1.43.
Table A. 6. Mean values of nonheme iron as influenced by 
days of storage (Phase 2).




(1) Mean values of heme iron content expressed as micro­
grams per gram of sample. Means with the same letter 
are not significantly different at alpha = 0.05, as 
tested by Least Significant Difference (LSD) method. 
Standard error - 0.54.
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Table A.7. Mean values of heme iron as influenced by levels 
of sodium tripolyphosphate (STP) (Phase 2).




(1) Mean values of heme iron content expressed as micro­
grams per gram of sample. Means with the same letter 
are not significantly different at alpha = 0.05, as 
tested by Least Significant Difference (LSD) method. 
Standard error = 0.60.
Table A.8. Mean values of heme iron as influenced by levels 
of soy protein isolate (SPI)(Phase 2).




(1) Mean values of heme iron content expressed as micro­
grams per gram of sample. Means with the same letter 
are not significantly different at alpha = 0.05, as 
tested by Least Significant Difference (LSD) method. 
Standard error = 0.60.
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Table A.9. Mean values of total iron as influenced by 
levels of sodium tripolyphosphate (STP)(Phase 
2).




(1) Mean values of total iron content expressed as micro­
grams per gram of sample. Means with the same letter 
are not significantly different at alpha = 0.05, as 
tested by Least Significant Difference (LSD) method. 
Standard error = 0.61.
Table A. 10. Mean values of total iron as influenced by
levels of soy protein isolate (SPI)(Phase 2).




(1) Mean values of total iron content expressed as micro­
grams per gram of sample. Means with the same letter 
are not significantly different at alpha = 0.05, as 
tested by Least Significant Difference (LSD) method. 
Standard error = 0.61.
APPENDIX B 
Tables of Means for All Treatments
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Table B.l. Mean sensory evaluation scores for flavor for 
the different treatments for Phase 1.
Flavor Notes
Treatment (1) Beefiness (2) WOF (3)
70°C, 0-D 4.37 (1.29) 4.85 (1.52)
70°C, 3-D 3.72 (1.52) 4.00 (1.30)
85°C, 0-D 4.45 (1.12) 4.89 (1.09)
85°C, 3-D 3.47 (1.55) 3.21 (1.67)100°C, 0-D 5.00 (0.67) 5.31 (0.99)
100°C, 3-D 3.56 (1.34) 3.15 (1.19)
(1) The first number of each series denotes the cooking 
temperature: either 70, 85 or 100°C. The second number 
denotes the days of storage: either 0 or 3 days.
(2) Values range from 1 for no beefy flavor to 6 for beefy 
flavor.
(3) Values range from 1 for warmed-over flavor to 6 for no 
warmed-over flavor.
Values in the parentheses are the standard deviations.
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Table B.2. Mean sensory evaluation scores for tendernessand juiciness for the different treatments forPhase 1.
Treatment (1) Tenderness (2) Juiciness (3)
70°C, 0-D 4.48 (0.87) 4.16 (1.04)
70°C, 3-D 4.08 (1.15) 3.72 (1.22)
85°C, 0-D 4.81 (0.90) 3.95 (1.28)
85°C, 3-D 3.81 (0.91) 3.35 (1.11)100°C, 0-D 4.55 (0.93) 3.39 (0.95)
100°C, 3-D 3.74 (0.89) 3.02 (1.06)
(1) The first number of each series denotes the cooking 
temperature: either 70, 85 or 100°C. The second number
denotes the days of storage: either 0 or 3 days.
(2) Values range from 1 for tough to 6 for tender.
(3) Values range from 1 for not juicy to 6 for juicy.
Values in the parentheses are the standard deviations.
Table B.3. The mean TBA values expressed as mg TBRS per 
kilogram of sample.
Treatment (1) TBA Value (2)
70°C, 0-D 2.17 (1.16)
70°C, 3-D 8.80 (0.39)
85°C, 0-D 2.49 (1.97)
85°C, 3-D 12.15 (0.27)
100°C, 0-D 1.26 (0.53)
100°C, 3-D 13.23 (1.53)
(1) The first number of each series denotes the cooking 
temperature: either 70, 85 or 100°C. The second number 
denotes the days of storage: either 0 or 3 days.
(2) Values expressed as mg thiobarbituric acid reactive 
substances (TBRS) per kg sample.
Values in the parentheses are the standard deviations.
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Table B.4. Mean percent total lipid and the phospholipidcontent of the different treatments of Phase
1.
Treatment (1) Total Lipid (2) mg Phospholi­
pid per gram 
sample
70°C, 0-D 6.34 (0.67) 2.71 (0.85)
70°C, 3-D 6.62 (1.28) 2.88 (0.80)
85°C, 0-D 6.94 (0.64) 2.60 (0.74)
85°C, 3-D 7.29 (0.65) 3.06 (0.55)
100°C, 0-D 6.79 (0.57) 2.88 (0.51)
100°C, 3-D 7.32 (0.48) 3.26 (0.46)
(1} The first number of each series denotes the cooking 
temperature: either 70, 85 or 100°C. The second number 
denotes the days of storage: either 0 or 3 days.
(2) Values expressed as percentages of cooked weight.
Values in the parentheses are the standard deviations.
Table B.5. Mean nonheme and total iron values of the dif­
ferent treatments of Phase 1.
Treatment (1) Non-Heme Heme Iron Total Iron (4)
Iron (2) (3)
70°C, 0-D 5.58 (3.64) 13.55 ( 4.34) 19.32 ( 4.30)
70°C, 3-D 6.35 (2.43) 10.58 ( 4.77) 16.83 ( 4.93)
85°C, 0-D 5.79 (3.56) 22.49 (10.63) 27.68 (12.43)
85°C, 3-D 5.95 (2.65) 23.53 (15.81) 29.48 (17.33)
100°C, 0-D 5.73 (2.91) 19.82 ( 5.49) 25.07 ( 8.04)
100°C, 3-D 10.90 (4.55) 12.46 ( 8.33) 23.36 ( 4.48)
(1) The first number of each series denotes the cooking
temperature: either 70, 85 or 100°C. The second number 
denotes the days of storage: either 0 or 3 days.
(2) Values are given in micrograms per gram of sample.
(3) Values are given in micrograms per gram of sample.
(4) Values are given in micrograms per gram of sample.
Values in the parentheses are the standard deviations.
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Table B.6. Mean values for expressible moisture and water-
binding of the different treatments of Phase
1.
Treatment (1) Expressible Water-Bind
Moisture (2) ing (3)
70°C, 0-D 56.72 (3.99) 0.39 (0.08)
70°C, 3-D 57.25 (5.93) 0.35 (0.12)
85°C, 0-D 54.08 (7.20) 0.40 (0.10)
85°C, 3-D 49.17 (5.56) 0.34 (0.08)
100°C, 0-D 46.00 (5.88) 0.38 (0.13)
100°C, 3-D 46.33 (3.31) 0.40 (0.14)
(1) The first number of each series denotes the cooking
temperature: either 70, 85 or 100°C. The second number 
denotes the days of storage: either 0 or 3 days.
(2) Expressed as percent of total moisture.
(3) Expressed as grams of bound water per gram sample.
Values in the parentheses are the standard deviations.
Table B.7. Mean values for shear force of the different 
treatments of Phase 1.
Treatment Shear Force
(1) (2)
70°C, 0-D 5.89 (0.66)
70°C, 3-D 5.57 (0.79)
85°C, 0-D 5.73 (1.11)85°C, 3-D 5.49 (0.74)
100°C, 0-D 5.07 (0.78)
100°C, 3-D 5.52 (1.05)
(1) The first number of each series denotes the cooking
temperature: either 70, 85 or 100°C. The second number
denotes the days of storage: either 0 or 3 days.
(2) Expressed as kilogram force per gram sample as deter­
mined by the Kramer shear cell attachment to the In- 
stron Universal Testing Machine.Values in the parentheses are the standard deviations.
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Table B.8. Mean sensory evaluation scores for flavor forthe different treatments for Phase 2.
Flavor Notes
Treatment (1) Beefiness (2) WOF (3) Beaniness(4)
0.0, 0.0, 70°C, 0D 4.54 (1.33) 5.66 (0.66) 5.22 (1.41)
0.0, 0.0, 70°C, 3D 3.75 (1.00) 4.64 (1.29) 5.32 (1.13)0.0, 0.0, 100°C, 0D 4.44 (1.02) 5.34 (1.03) 5.14 (1.07)0.0, 0.0, 100°C, 3D 3.39 (1.14) 4.57 (1-19) 4.94 (1.82)0.0, 1.0, 70°C, 0D 4.02 (1.46) 5.22 (1.34) 4.73 (1.66)
0.0, 1.0, 70°C, 3D 3.99 (1-07) 5.05 (1.02) 5.41 (0.62)0.0, 1.0, 100°C, 0D 4.52 (1.12) 5.69 (0.51) 4.71 (1-49)0.0, 1.0, 100°C, 3D 3.59 (1.12) 4.64 (1.21) 5.17 (0.99)0.3, 0.0, 70°C, 0D 4.39 (1.23) 5.40 (0.98) 4.79 (1.06)0.3, 0.0, 70°C, 3D 3.91 (0.98) 4.66 (1.22) 5.35 (1.07)0.3, 0.0, 100°C, 0D 4.52 (1.17) 5.62 (0.85) 5.34 (0.60)0.3, 0.0, 100°C, 3D 4.02 (1.04) 4.94 (1.17) 5.60 (0.46)0.3, 1.0, 70°C, 0D 4.21 (1.26) 5.36 (0.86) 4.90 (1.21)0.3, 1.0, 70°C, 3D 3.76 (1.41) 4.82 (1-10) 5.31 (1.48)0.3, 1.0, 100°C, 0D 4.47. (0.74) 5.27 (1.09) 4.62 (1.48)0.3, 1.0, 100°C, 3D 3.97 (0.82) 4.38 (1.26) 5.47 (0.62)
(1) The first number of each series denotes the level of 
sodium tripolyphosphate: either 0.0 or 0.3%. The 
second number denotes the level of soy protein isolate: 
either 0.0 or 1.0%. The third number denotes the cook­
ing temperature: either 70 or 100°C. The fourth number 
denotes the days of storage: either 0 or 3 days.
(2) Values range from 1 for no beefy' flavor to 6 for beefy 
flavor.
(3) Values range from 1 for warmed-over flavor to 6 for no 
warmed-over flavor.
(4) Values range from 1 for beany flavor to 6 for no beany 
flavor.
Values in the parentheses are the standard deviations.
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Table B.9. Mean sensory evaluation scores for tenderness 
and juiciness for the different treatments for 
Phase 2.
Treatment (1) Tenderness (2) Juiciness (3)
0.0, 0.0, 70°C, 0D 4.19 (0.71) 3.99 (0.91)
0.0, 0.0, 70°C, 3D 4.26 (0.91) 3.70 (0.92)
0.0, 0.0, 100°C, 0D 4.17 (0.62) 3.69 (0.90)
0.0, 0.0, 100°C, 3D 3.50 (0.95) 3.29 (1.24)
0.0, 1.0, 70°C, 0D 4.76 (0.71) 4.14 (0.96)
0.0, 1.0, 70°C, 3D 3.95 (0.89) 3.23 (1.03)
0.0, 1.0, 100°C, 0D 4.05 (0.95) 3.29 (0.83)
0.0, 1.0, 100°C, 3D 3.99 (0.67) 3.68 (0.72)
0.3, 0.0, 70°C, 0D 3.84 (1.03) 3.33 (1.26)
0.3, 0.0, 70°C, 3D 3.97 (0.59) 3.29 (0.68)
0.3, 0.0, 100°C, 0D 4.41 (1.23) 4.07 (1.13)0.3, 0.0, 100°C, 3D 4.48 (0.76) 4.32 (0.47)
0.3, 1.0, 70°C, 0D 3.81 (1.19) 3.21 (1.17)0.3, 1.0, 70°C, 3D 4.17 (1.11) 4.12 (1.06)
0.3, 1.0, 100°C, 0D 3.84 (0.93) 3.77 (0.98)
0.3, 1.0, 100°C, 3D 3.52 (1.32) 3.65 (1.07)
(1) The first number of each series denotes the level of
sodium tripolyphosphate: either 0.0 or 0.3%. The
second number denotes the level of soy protein isolate: 
either 0.0 or 1.0%. The third number denotes the cook­
ing temperature: either 70 or 100°C. The fourth number 
denotes the days of storage: either 0 or 3 days.
(2) Values range from 1 for tough to 6 for tender.
(3) Values range from 1 for not juicy to 6 for juicy.
Values in the parentheses are the standard deviations.
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Table B.10. The mean TBA values expressed as mg TBRS per 
kilogram of sample (Phase 2).
Treatment (l) TBA Value
0.0 0.0, 70°C, 0D 2.06 (1.09)
0.0 0.0, 70°C, 3D 7.95 (2.53)
0.0 0.0, 100°C, 0D 3.95 (2.23)
0.0 0.0, 100°C, 3D 12.18 (1.35)
0.0 1.0, 70°C, 0D 1.29 (0.66)
0.0 1.0, 70°C, 3D 5.10 (1.25)
0.0 1.0, 100°C, 0D 1.07 (0.54)
0.0 1.0, 100°C, 3D 7.06 (0.65)
0.3 0.0, 70°C, 0D 1.63 (0.93)
0.3 0.0, 70°C, 3D 6.52 (1.15)
0.3 0.0, 100°C, 0D 0.60 (0.24)
0.3 0.0, 100°C, 3D 4.03 (0.32)
0.3 1.0, 70°C, 0D 0.70 (0.17)
0.3 1.0, 70°C, 3D 4.12 (0.65)
0.3 1.0, 100°C, 0D 0.53 (0.19)
0.3 1.0, 100°C, 3D 2.74 (0.74)
(1) The first number of each series denotes the level of 
sodium tripolyphosphate: either 0.0 or 0.3%. The
second number denotes the level of soy protein isolate: 
either 0.0 or 1.0%. The third number denotes the cook­
ing temperature: either 70 or 100°C. The fourth number 
denotes the days of storage: either 0 or 3 days.
Values in the parentheses are the standard deviations.
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Table B.ll. Mean percent total lipid of the different
treatments of Phase 2.
Treatment (1) Total Lipid (%)(2)
0.0, 0.0, 70°C, 0D 11.74 (0.89)
0.0, 0.0, 70°C, 3D 13.06 (1.79)
0.0, 0.0, 100°C, 0D 12.81 (0.74)
0.0, 0.0, 100°C, 3D 11.93 (0.75)
0.0, 1.0, 70°C, 0D 11.10 (1.11)
0.0, 1.0, 70°C, 3D 11.89 (1.50)
0.0, 1.0, 100°C, 0D 11.85 (0.67)
0.0, 1.0, 100°C, 3D 10.60 (1.14)0.3, 0.0, 70°C, 0D 11.44 (1.87)0.3, 0.0, 70°C, 3D 11.94 (0.47)
0.3, 0.0, 100°C, 0D 10.57 (0.84)
0.3, 0.0, 100°C, 3D 11.78 (1.02)
0.3, 1.0, 70°C, 0D 11.45 (0.46)
0.3, 1.0, 70°C, 3D 11.38 (0.81)
0.3, 1.0, 100°C, 0D 10.74 (1.14)
0.3, 1.0, 100°C, 3D 11.98 (1.14)
(1) The first number of each series denotes the level of 
sodium tripolyphosphate: either 0.0 or 0.3%. The 
second number denotes the level of soy protein isolate: 
either 0.0 or 1.0%. The third number denotes the cook­
ing temperature: either 70 or 100°C. The fourth number 
denotes the days of storage: either 0 or 3 days.
Values in the parentheses are the standard deviations.
(2) Values are expressed as percent.
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Table B.12. Mean nonheme, heme and total iron values of
the different treatments of Phase 2.
Treatment (1) Heme Non-Heme Total Iron (4)
Iron(2) Iron (3)
0.0, 0.0 70°C,0D 19.58 (3.81) 3.55 (1.92) 23.13 (4.33)0.0, 0.0 70°C,3D 16.59 (1.74) 6.60 (1.64) 23.20 (1.42)0.0, 0.0 100°C,0D 19.52 (3.59) 6.22 (1.42) 25.74 (3.30)0.0, 0.0 100°C,3D 18.48 (3.66) 8.04 (2.37) 26.18 (5.42)0.0, 1.0 70°C,0D 20.53 (4.29) 5.81 (1.69) 26.33 (4.33)0.0, 1.0 70°C,3D 19.08 (3.11) 6.86 (1.85) 25.94 (4.16)0.0, 1.0 100°C,0D 20.67 (7.49) 5.85 (1*09) 26.52 (7.20)0.0, 1.0 100°C,3D 20.43 (3.87) 6.66 (1.65) 27.09 (4.15)0.3, 0.0 70°C,0D 18.64 (7.40) 7.04 (1.47) 25.68 (6.46)0.3, 0.0 70°C,3D 16.41 (2.07) 4.81 (0.67) 21.22 (2.30)0.3, 0.0 100°C,0D 19.31 (6.68) 5.08 (2.39) 24.39 (6.51)0.3, 0.0 100°C,3D 18.22 (3.40) 5.90 (1.38) 24.12 (1.80)0.3, 1.0 70°C,0D 17.15 (4.34) 4.38 (2.36) 20.91 (5.34)0.3, 1.0 70°C,3D 19.98 (6.42) 6.24 (1.76) 26.76 (4.41)
0.3, 1.0 100°C,0D 15.84 (6.02) 8.63 (1.31) 24.47 (5.57)0.3, 1.0 100°C,3D 15.66 (4.78) 8.18 (1.95) 23.66 (5.40)
(1) The first number of each series denotes the level of
sodium tripolyphosphate: either 0.0 or 0.3%. The
second number denotes the level of soy protein isolate: 
either 0.0 or 1.0%. The third number denotes the cook­
ing temperature: either 70 or 100°C. The fourth number 
denotes the days of storage: either 0 or 3 days.
(2) Values are given in micrograms per gram of sample.
(3) Values are given in micrograms per gram of sample.
(4) Values are given in micrograms per gram of sample.
Values in the parentheses are the standard deviations.
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Table B.13. Mean percent moisture of the different treat­
ments of Phase 2.
Treatment (1) Percent Moisture
0.0, 0.0, 70°C 71.18 (1.58)
0.0, 0.0, 100°C 72.35 (2.35)
0.0, 1.0, 70°C 68.75 (1.29)
0.0, 1.0, 100°C 69.75 (1.79)
0.3, 0.0, 70°C 69.00 (1.54)
0.3, 0.0, 100°C 71.62 (1.07
0.3, 1.0, 70°C 68.76 (1.73)
0.3, 1.0, 100°C 70.36 (1-22)
(1) The first number of each series denotes the level of 
sodium tripolyphosphate: either 0.0 or 0.3%. The
second number denotes the level of soy protein isolate: 
either 0.0 or 1.0%. The third number denotes the cook­
ing temperature: either 70 or 100°C.
Values in the parentheses are the standard deviations.
Table B.14. Mean percent moisture of unreheated samples of
the different treatments of Phase l.
Treatment (l) Moisture (2)
70°C, 0-D 68.08 (0.34)
70°C, 3-D 66.42 (1.24)
85°C, 0-D 65.90 (0.61)
85°C, 3-D 62.92 (1.14)
100°C, 0-D 63.89 (1.12)
100°C, 3-D 62.65 (0.99)
(1) The first number of each series denotes the cooking 
temperature: either 70, 85 or 100°C. The second number 
denotes the days of storage: either 0 or 3 days.
(2) Expressed as percent of unreheated sample.
Values in the parentheses are the standard deviations.
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Table B.15. Mean percent moisture of the unreheated cooked 
restructured beef roasts (Phase 2).
Treatment (1) Moisture (2)
0.0, 0.0, 70°C, 0D 63.87 (1.41)
0.0, 0.0, 70°C, 3D 63.45 (1.35)
0.0, 0.0, 100°C, 0D 59.59 (1.38)
0.0, 0.0, 100°C, 3D 57.50 (0.88)
0.0, 1.0, 70°C, 0D 63.54 (1.04)
0.0, 1.0, 70°C, 3D 63.62 (1.50)
0.0, 1.0, 100°C, 0D 59.24 (0.65)
0.0, 1.0, 100°C, 3D 57.89 (0.40)
0.3, 0.0, 70°C, 0D 62.97 (2.30)
0.3, 0.0, 70°C, 3D 64.39 (1.87)
0.3, 0.0, 100°C, 0D 61.43 (1.92)
0.3, 0.0, 100°C, 3D 60.67 (0.26)
0.3, 1.0, 70°C, 0D 64.78 (0.80)
0.3, 1.0, 70°C, 3D 64.06 (2.40)
0.3, 1.0, 100°C,. 0D 61.12 (0.26)
0.3, 1.0, 100°C, 3D 60.95 (0.62)
(1) The first number of each series denotes the level of 
sodium tripolyphosphate: either 0.0 or 0.3%. The 
second number denotes the level of soy protein isolate: 
either 0.0 or 1.0%. The third number denotes the cook­
ing temperature: either 70 or 100°C. The fourth number 
denotes the days of storage: either 0 or 3 days.
(2) Expressed as percent of unreheated sample.
Values in the parentheses are the standard deviations.
r
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Table B.16. Mean percent cook yield of the different treat­
ments of Phase 2.
Treatment (1) Cook Yield (2)
0.0, 0.0, 70°C 71.42 (3.27)
0.0, 0.0, 100°C 54.35 (1.33)
0.0, 1.0, 70°C 73.67 (5.29)
0.0, 1.0, 100°C 57.08 (1.57)
0.3, 0.0, 70°C 70.36 (3.58)
0.3, 0.0, 100°C 59.33 (3.81)
0.3, 1.0, 70°C 73.36 (3.11)
0.3, 1.0, 100°C 61.01 (3.62)
(1) The first number of each series denotes the level of 
sodium tripolyphosphate: either 0.0 or 0.3%. The 
second number denotes the level of soy protein isolate: 
either 0.0 or 1.0%. The third number denotes the cook­
ing temperature: either 70 or 100°C.
(2) Values expressed in percent of uncooked weight.
Values in the parentheses are the standard deviations.
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Table B.17. Mean values for expressible moisture and water-
binding of the different treatments of Phase 
2 .
Treatment (1) Expressible Water-Bind-
Moisture (2) ing (3)
0.0, 0.0 70°C 0D 55.83 (2.25) 0.39 (0.94)
0.0, 0.0 70°C 3D 57.00 (2.45) 0.35 (0.05)
0.0, 0.0 100°C 0D 44.83 (5.61) 0.45 (0.05)
0.0, 0.0 100°C 3D 41.50 (5.33) 0.34 (0.11)0.0, 1.0 70°C 0D 58.83 (5.20) 0.33 (0.06)
0.0, 1.0 70°C 3D 59.75 (6.18) 0.32 (0.05)
0.0, 1.0 100°C 0D 44.00 (4.51) 0.42 (0.11)
0.0, 1.0 100°C 3D 43.33 (3.37) 0.40 (0.05)
0.3, 0.0 70°C 0D 57.17 (3.01) 0.36 (0.07)0.3, 0.0 70°C 3D 59.75 (3.08) 0.34 (0.08)
0.3, 0.0 100°C 0D 49.67 (3.14) 0.34 (0.10)
0.3, 0.0 100°C 3D 46.33 (5.09) 0.41 (0.05)
0.3, 1.0 70°C 0D 58.17 (5.44) 0.33 (0.04)0.3, 1.0 70°C 3D 56.17 (3.07) 0.34 (0.05)
0.3, 1.0 100°C 0D 45.33 (3.39) 0.43 (0.06)
0.3, 1.0 100°C 3D 47.00 (3.79) 0.39 (0.08)
(1) The first number of each series denotes the level ofsodium tripolyphosphate: either 0.0 or 0.3%. The
second number denotes the level of soy protein isolate: 
either 0.0 or 1.0%. The third number denotes the cook­
ing temperature: either 70 or 100°C. The fourth number 
denotes the days of storage: either 0 or 3 days.
(2) Expressed as percent of total moisture.
(3) Expressed as grams of bound water per gram sample. 
Values in the parentheses are the standard deviations.
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Table B.18. Mean values for shear force of the different
treatments of Phase 2.
Treatment Shear Force
(1) (2)
0.0, 0.0, 70°C, 0D 5.06 (0.81)
0.0, 0.0, 70°C, 3D 5.89 (0.94)
0.0, 0.0, 100°C, 0D 6.08 (0.80)
0.0, 0.0, 100°C, 3D 6.28 (1.31)
0.0, 1.0, 70°C, 0D 5.59 (0.79)
0.0, 1.0, 70°C, 3D 5.41 (0.89)
0.0, 1.0, 100°C, 0D 6.38 (0.94)
0.0, 1.0, 100°C, 3D 6.13 (1.04)
0.3, 0.0, 70°C, 0D 5.13 (1.02)
0.3, 0.0, 70°C, 3D 6.11 (1.42)
0.3, 0.0, 100°C, 0D 7.32 (0.82)
0.3, 0.0, 100°C, 3D 6.53 (0.80)
0.3, 1.0, 70°C, 0D 5.22 (0.76)
0.3, 1.0, 70°C, 3D 5.69 (0.92)
0.3, 1.0, 100°C, 0D 5.68 (0.91)
0.3, 1.0, 100°C, 3D 6.46 (1.37)
(1) The first number of each series denotes the level of
sodium tripolyphosphate: either 0.0 or 0.3%. The
second number denotes the level of soy protein isolate: 
either 0.0 or 1.0%. The third number denotes the cook­
ing temperature: either 70 or 100°C. The fourth number 
denotes the days of storage: either 0 or 3 days.
(2) Expressed as kilogram force per gram sample as deter­
mined by the Kramer shear cell attachment to the Xn- 
stron Universal Testing Machine.
Values in the parentheses are the standard deviations.
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Table C.l. Analysis of variance of sensory evaluation 
scores (Phase 1) for beefiness.
Source df Sum of Mean F Pr>F
Squares Squares
R 2 3.2287 1.6144 1.52 0.3222
T 2 2.6917 1.3458 1.27 0.3741
Ea 4 4.2395 1.0599 0.64 0.6373
D 1 37.5156 37.5156 22.53 0.0001
T * D 2 3.8147 1.9073 1.15 0.3212
Eb 132 219.7945 1.6651
Note: R = Replication; T ■ Cooking Temperature;
Ea = Experimental error for main plots.
Eb - Experimental error for subplots.
Data used were means of Bcores from nine panelists.
Table C.2. Analysis of variance of sensory evaluation 
scores (Phase 1) for warmed-over flavor.





R 2 6.1674 3.0837 1.27 0.3735
T 2 4.3987 2.1994 0.91 0.4731
Ea 4 9.6929 2.4232 1.44 0.2254
D 1 87.9688 87.9688 52.16 0.0001
T * D 2 10.3975 5.1988 3.08 0.0492
Eb 132 222.6314 1.6866
Note: R * Replication; T * Cooking Temperature;
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Data used were means of scores from nine panelists.
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Table C.3. Analysis of variance of sensory evaluation 
scores (Phase 1) for tenderness.





R 2 7.8150 3.9075 5.76 0.0664
T 2 2.5337 1.2668 1.87 0.2674Ea 4 2.7128 0.6782 0.79 0.5334D 1 27.3441 27.3442 31.87 0.0001
T * D 2 0.3188 0.1594 0.19 0.8307Eb 132 113.2702 0.8581
Note: R = Replication; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Data used were means of scores from nine panelists.
Table C.4. Analysis 
scores
of variance of sensory 
(Phase 1) for juiciness.
evaluation





R 2 3.0634 1.5317 0.74 0.5340
T 2 12.4616 6.2308 3.00 0.1602
Ea 4 8.3152 2.0788 1.71 0.1507
D 1 8.0278 8.0278 6.62 0.0112
T * D 2 0.3400 0.1700 0.14 0.8694
Eb 132 160.1368 1.2132
Note: R = Replication; T = Cooking Temperature;
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Data used were means of scores from nine panelists.
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Table C.5. Analysis of variance for TBA values (Phase 1).





R 2 3.2154 1.6077 0.30 0.7552
T 2 25.9808 12.9904 2.44 0.2032Ea 4 21.3285 5.3321 21.70 0.0001
D 1 799.0044 799.5673 3252.17 0.0001
T * D 2 43.1347 21.5673 87.79 0.0001Eb 18 908.5387 0.2457
Note: R = Replication; T = Cooking Temperature; 
Ea *= Experimental error for main plots.
Eb = Experimental error for subplots.
Table C.6. Analysis of variance for total lipid (Phase 1).





R 2 10.0047 5.0024 8.13 0.0389
T 2 3.0055 1.5027 2.44 0.2026
Ea 4 2.6073 0.6518 4.40 0.0126
D 1 1.4802 1.4802 10.00 0.0057
T * D 2 0.1985 0.0993 0.67 0.5244
Eb 14 2.5160 0.1480
Note: R * Replication? T * Cooking Temperature;
Ea = Experimental error for main plots.
Eb * Experimental error for subplots.
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Table C.7. Analysis of variance for phospholipid (Phase 1).





R 2 5.0571 2.5285 29.03 0.0042
T 2 0.5800 0.2900 3.33 0.1408Ea 4 0.4048 0.1012 0.27 0.8915
D 1 1.0373 1.0373 2.80 0.1128
T * D 2 0.1440 0.0720 0.19 0.8254Eb 17 6.3079 0.3711
Note: R =‘ Replication? T = Cooking Temperature?
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Table C.8. Analysis of variance for nonheme iron values
(Phase 1).





R 2 123.3768 61.6884 5.70 0.0675
T 2 55.4678 27.7339 2.56 0.1923
Ea 4 58.7663 14.6916 2.65 0.0523
D 1 57.9466 57.9466 10.47 0.0030
T * D 2 53.2892 26.6446 4.81 0.0154
Eb 30 166.0798 5.5360
Note: R = Replication? T = Cooking Temperature?
Ea « Experimental error for main plots.
Eb = Experimental error for subplots.
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Table C.9. Analysis of variance for heme iron values (Phase
1).





R 2 695.1745 347.5872 6.84 0.0512
T 2 367.2284 183.6142 3.61 0.1270
Ea 4 203.2856 50.8214 2.78 0.1272
D 1 43.1521 43.1521 2.36 0.1756









Note: R ■» Replication; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Table C.10. Analysis of variance for total iron values
(Phase 1).





R 2 3088.0233 1544.0117 6.64 0.0536
T 2 1001.6133 500.8067 2.15 0.2320
Ea 4 930.7033 232.6758 15.96 0.0001
D 1 8.6400 8.6400 0.59 0.4464
T * D 2 46.9911 23.4956 1.61 0.2135
Eb 36 524.6867 14.5746
Note: R = Replication; T = Cooking Temperature;Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table C. 11. Analysis of variance for moisture content of
unreheated cooked samples (Phase 1).





R 2 18.8810 9.4405 119.86 0.0003
T 2 151.6112 75.8056 962.47 0.0001Ea 4 0.3150 0.0788 0.77 0.5523
D 1 51.6071 51.6071 504.13 0.0001









Note: R = Replication; T - Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Table <C. 12. Analysis 
values
of variance for percent 
(Phase 1).
cook yield















Note: R = Replication; T = Cooking Temperature;
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Table C.13. Analysis of variance for expressible moisture
(Phase 1).





R 2 299.0833 149.5417 1.54 0.3184
T 2 1365.5833 682.7917 7.05 0.0488Ea 4 387,3333 96.8333 4.51 0.0032
D 1 28.1250 28.1250 1.31 0.2572
T * D 2 121.7500 60.8750 2.84 0.0673Eb 54 1158.2500 21,4491
Note: R = Replication; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Table C.14. Analysis of variance for water-binding values 
(Phase 1).





R 2 0.0071 0.0035 0.20 0.8262
T 2 0.0083 0.0041 0.23 0.8017
Ea 4 0.0688 0.0172 1.36 0.2611
D 1 0.0168 0.0168 1.32 0.2552
T * D 2 0.0159 0.0080 0.63 0.5371
Eb 53 0.6716 0.0127
Note: R = Replication; T = Cooking Temperature;
Ea = Experimental error for main plots.
Eb ■» Experimental error for subplots.
158
Table C.15. Analysis of variance for Instron values (Phase
1).





R 2 18.2727 9.1363 3.27 0.1442T 2 2.3149 1.1574 0.41 0.6865Ea 4 11.8330 2.9583 6.45 0.0001
D 1 0.1178 0.1178 0.26 0.6135T * D 2 1.6551 0.8275 1.80 0.1707Eb 85 38.9708 0.4585
Note: R = Replication; T = Cooking Temperature;
Ea - Experimental error for main plots.
Eb = Experimental error for subplots.
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Table C.16. Analysis of variance of sensory evaluation
scores (Phase 2) for beefiness.





R 2 1.2789 0.6395 1.41 0.2760P 1 1.4509 1.4509 3.21 0.0950s 1 0.1994 0.1994 0.44 0.5175T 1 0.1233 0.1233 0.27 0.6098P * S 1 0.2834 0.2834 0.63 0.4418p * T 1 1.8001 1.8001 3.98 0.0659S * T 1 0.9983 0.9983 2.21 0.1596
P * S * T 1 0.2180 0.2180 0.48 0.4989Ea 14 6.3370 0.4526 0.34 0.9883D 1 30.3586 30.3586 22.79 0.0001P * D 1 0.9712 0.9712 0.73 0.3938
S * D 1 1.0197 1.0197 0.77 0.3823T * D 1 2.0184 2.0184 1.52 0.2193
P * S it D 1 0.9994 0.9994 0.75 0.3871S * T * D 1 0.6564 0.6564 0.49 0.4832
P * T * D 1 1.5655 1.5655 1.18 0.2792P * S * T * D 1 0.5167 0.5167 0.39 0.5339
Eb 316 420.9745 1.3322
Note: R *= Replication; P = Level of STP;
S = Level of SPI; T * Cooking Temperature; 
Ea “ Experimental error for main plots.
Eb = Experimental error for subplots.
Data used were scores from nine panelists.
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Table C.17. Analysis of variance of sensory evaluation
scores (Phase 2) for warmed-over flavor.





R 2 1.0535 0.5267 0.38 0.6881
P 1 0.0639 0.0639 0.05 0.8322
S 1 0.1147 0.1147 0.08 0.7767
T 1 0.1404 0.1404 0.10 0.7537
P * S 1 1.6674 1.6674 1.22 0.2888p * T 1 0.3275 0.3275 0.24 0.6326
S * T 1 0.2018 0.2018 0.15 0.7070
P * S * T 1 3.1525 3.1525 2.30 0.1518
Ea 14 19.4125 1.3866 1.22 0.2604
D 1 46.5944 46.5944 40.93 0.0001
P * D 1 0.0320 0.0320 0.03 0.8669
S * D 1 0.3274 0.3274 0.29 0.5921
T * D 1 0.9776 0.9776 0.86 0.3548P * S * D 1 0.4714 0.4714 0.41 0.5204
S * T * D 1 3.3610 3.3610 2.95 0.0867
P * T * D 1 0.0746 0.0746 0.07 0.7981
P * S * T * D 1 0.6002 0.6002 0.53 0.4683
Eb 316 359.7196 1.1384
Note: R = Replication; P « Level of STP;
S = Level of SPI; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Data used were scores from nine panelists.
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Table C.18. Analysis of variance of sensory evaluation
scores (Phase 2) for beanlness.





R 2 1.2096 0.6048 0.55 0.5876
P 1 1.8413 1.8413 1.68 0.2157
S 1 1.9088 1.9088 1.74 0.2079
T 1 0.4668 0.4668 0.43 0.5244
P * S 1 0.4545 0.4545 0.42 0.5298
P * T 1 0.9605 0.9605 0.88 0.3648S * T 1 0.3043 0.3043 0.28 0.6063
P * S * T 1 1.7027 1.7027 1.56 0.2328
Ea 14 15.3454 1.0961 0.77 0.7054
D 1 0.0750 0.0750 0.05 0.8191
P * D 1 1.5469 1.5469 1.08 0.2991
S * D 1 2.0420 2.0420 1.43 0.2330
T * D 1 1.4004 1.4004 0.98 0.3232P * S * D 1 0.2159 0.2159 0.15 0.6978
S * T * D 1 0.3773 0.3773 0.26 0.6079
P * T * D 1 1.5224 1.5224 1.06 0.3030
P * S * T * D 1 3.9644 3.9644 2.77 0.0969
Eb 311 444.7475 1.4301
Note: R = Replication; P = Level of STP;
S = Level of SPI; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Data used were scores from nine panelists.
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Table C.19. Analysis of variance of sensory evaluation
scores (Phase 2) for tenderness.





R 2 13.7814 6.8907 3.44 0.0607P 1 0.6296 0.6296 0.31 0.5837S 1 0.2865 0.2865 0.14 0.7108T 1 0.0316 0.0316 0.02 0.9018
P * S 1 0.6212 0.6212 0.31 0.5861P * T 1 1.2896 1.2896 0.64 0.4354
S * T 1 1.9493 1.9493 0.97 0.3403
P * S * T 1 0.3378 0.3378 0.17 0.6873Ea 14 27.2666 1.9476 2.16 0.0093
D 1 8.8522 8.8522 9.80 0.0019P * D 1 0.2182 0.2182 0.24 0.6235
S * D 1 0.8443 0.8443 0.93 0.3345T * D 1 0.0723 0.0723 0.08 0.7775
P * S * D 1 0.0351 0.0351 0.04 0.8438S * T * D 1 0.8232 0.8232 0.91 0.3406
P * T * D 1 0.0001 0.0001 0.00 0.9901
P * S * T * D 1 0.1356 0.1356 0.15 0.6987
Eb 314 283.7187 0.9036
Note: R = Replication? P ■ Level of STP?
S = Level of SPI; T - Cooking Temperature7 
Ea - Experimental error for main plots.
Eb = Experimental error for subplots.
Data used were scores from nine panelists.
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Table C.20. Analysis of variance of sensory evaluation
scores (Phase 2) for juiciness.





R 2 6.7309 3.3655 1.08 0.3676
p 1 2.8226 2.8226 0.90 0.3583
S 1 0.0003 0.0003 0.00 0.9927
T 1 0.0119 0.0119 0.00 0.9516
P * S 1 0.1180 0.1180 0.04 0.8488
P * T 1 9.9089 9.9089 3.17 0.0968
S * T 1 0.3274 0.3274 0.10 0.7511
P * S * T 1 1.2337 1.2337 0.39 0.5401
Ea 14 42.8845 3.0632 3.47 0.0001
D 1 6.4410 6.4410 7.30 0.0073
P * D 1 6.7414 6.7414 7.64 0.0061
S * D 1 1.7350 1.7350 1.97 0.1619
T * D 1 0.8568 0.8568 0.97 0.3252
P * S * D 1 0.1844 0.1844 0.21 0.6479
S * T * D 1 0.0590 0.0590 0.07 0.7961
P * T * D 1 1.8035 1.8035 2.04 0.1539
P * S * T * D 1 1.4355 1.4355 1.63 0.2031
Eb 315 278.0272 0.8826
Note: R = Replication; P » Level of STPy
s “ Level of SPI; T ■ Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Data used were scores from nine panelists.
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Table C.21. Analysis of variance for TBA values (Phase 2).





R 2 22.8786 11.4393 3.03 0.0805
P 1 146.8418 146.8418 38.92 0.0001
S 1 100.0213 100.0213 26.51 0.0001
T 1 2.9225 2.9225 0.77 0.3937
P * S 1 18.0353 18.0353 4.78 0.0463
P * T 1 62.7428 62.7428 16.63 0.0011
S * T 1 2.1690 2.1690 0.57 0.4609
P * S * T 1 15.1766 15.1766 4.02 0.0646
Ea 14 52.8206 3.7729 8.97 0.0001
D 1 537.6593 537.6593 1278.23 0.0001
P * D 1 37.3127 37.3127 88.71 0.0001
S * D 1 18.5416 18.5416 44.08 0.0001
T * D 1 1.2858 1.2858 3.06 0.0852
P * S * D 1 0.9862 0.9862 2.34 0.1307
S * T * D 1 0.0021 0.0021 0.01 0.9438
P * T * D 1 19.2694 19.2694 45.81 0.0001
P * S * T * D 1 0.0605 0.0605 0.14 0.7058
Eb 64 26.9201 0.4206
Note: R = Replication; P * Level of STP;
S = Level of SPI; T ® Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table C.22. Analysis of variance for total lipid (Phase 2).





R 2 1.8433 0.9217 0.26 0.7766
P 1 5.2079 5.2079 1.45 0.2477
S 1 6.7710 6.7710 1.89 0.1906
T 1 1.0559 1.0559 0.29 0.5956
P * S 1 5.7968 5.7968 1.62 0.2239
P * T 1 0.1223 0.1223 0.03 0.8560
S * T 1 0.0644 0.0644 0.02 0.8952
P * S * T 1 0.7752 0.7752 0.22 0.6488
Ea 14 50.5360 3.6097 5.20 0.0001
D 1 3.3758 3.3758 4.86 0.0312
P * D 1 2.8111 2.8111 4.05 0.0485S * D 1 0.9528 0.9528 1.37 0.2459
T * D 1 1.6061 1.6061 2.31 0.1334
P * S * D 1 0.0909 0.0909 0.13 0.7188
S * T * D 1 0.1547 0.1547 0.22 0.6387
P * T * D 1 14.3879 14.3879 20.71 0.0001p * S * T * D 1 0.0824 0.0824 0.12 0.7317
Eb 63 43.7630 0.6947
Note: R = Replication? P «■ Level of STP;
S = Level of SPI? T = Cooking Temperature; 
Ea «= Experimental error for main plots.
Eb = Experimental error for subplots.
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Table C.23. Analysis of variance for nonheine iron (Phase
2).





R 2 25.7621 12.8810 2.26 0.1410
P 1 0.4267 0.4267 0.07 0.7883
S 1 16.7576 16.7576 2.94 0.1084
T 1 42.5747 42.5747 7.47 0.0162
P * S 1 7.4836 7.4836 1.31 0.2710
P * T 1 0.9273 0.9273 0.16 0.6927
S * T 1 3.9778 3.9778 0.70 0.4175
P * S * T 1 64.4236 64.4236 11.31 0.0046
Ea 14 84.7096 6.0507 2.48 0.0043
D 1 20.9557 20.9557 8.60 0.0041
P * D 1 27.1284 27.1284 11.14 0.0012
S * D 1 0.1839 0.1839 0.08 0.7840
T * D 1 0.1517 0.1517 0.06 0.8034
P * S * D 1 15.5209 15.5209 6.37 0.0130
S * T * D 1 9.1421 9.1421 3.75 0.0553
P * T * D 1 3.6280 3.6280 1.49 0.2249
P * S * T * D 1 22.2830 22.2830 9.19 0.0030
Eb 108 263.0223 2.4354
Note: R * Replication; P = Level of STP;
S = Level of SPI; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table C.24. Analysis of variance for heme Iron (Phase 2).





R 2 520.2801 260.1401 30.03 0.0001P 1 35.1405 35.1405 4.06 0.0636
S 1 1.2449 1.2449 0.14 0.7103T 1 0.0050 0.0050 0.00 0.9812P * S 1 20.6063 20.6063 2.38 0.1453P * T 1 7.8166 7.8166 0.90 0.3583S * T 1 13.3669 13.3669 1.54 0.2346
P * S * T 1 11.3199 11.3199 1.31 0.2722Ea 14 121.2885 8.6635 1.22 0.3457D 1 7.6560 7.6560 1.08 0.3137
P * D 1 4.7691 4.7691 0.67 0.4237S * D 1 13.0313 13.0313 1.84 0.1936T * D 1 0.3088 0.3088 0.04 0.8372P * S * D 1 2.4616 2.4616 0.35 0.5635
S * T it D 1 4.4713 4.4713 0.63 0.4383P * T * D 1 4.7188 4.7188 0.67 0.4261
P * S * T * D 1 2.1803 2.1803 0.31 0.5865Eb 16 113.2068 7.0754
Note: R = Replication; P = Level of STP;
S = Level of SPI; T *= Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table C.25. Analysis of variance for total iron (Phase 2).





R 2 1938.9929 969.4964 36.37 0.0001P 1 104.2537 104.2537 3.91 0.0680S 1 29.5555 29.5555 1.11 0.3102
T 1 52.6635 52.6635 1.98 0.1816P * S 1 35.5541 35.5541 1.33 0.2674
P * T 1 9.4884 9.4884 0.36 0.5603
S * T 1 12.2160 12.2160 0.46 0.5094
P * S * T 1 8.1789 8.1789 0.31 0.5884Ea 14 382.9151 27.3511 4.92 0.0001D 1 0.0038 0.0038 0.00 0.9791P * D 1 1.1738 1.1738 0.21 0.6466S * D 39.5479 39.5479 7.12 0.0088
T * D 1 0.0099 0.0099 0.00 0.9665P * S * D 1 46.6381 46.6381 8.40 0.0045S * T * D 1 49.3194 49.3194 8.88 0.0035
P * T * D 1 4.8984 4.8984 0.88 0.3497
P * S * T * D 1 63.8686 63.8686 11.50 0.0010
Eb 111 616.5171 5.5542
Note: R = Replication; P - Level of STP;
S = Level of SPI; T ■ Cooking Temperature; 
Ea « Experimental error for main plots.
Eb *= Experimental error for subplots.
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Table C.26. Analysis of variance for percent moisture of
the uncooked restructured beef roasts (Phase 
2) .





R 2 0.7490 0.3745 0.14 0.8699
P 1 5.9002 5.9002 2.20 0.1430
S 1 47.9629 47.9629 17.89 0.0001
T 1 45.8260 45.8260 17.10 0.0001
P * T 1 4.7376 4.7376 1.77 0.1886
S * T 1 1.5857 1.5857 0.59 0.4447
P * S 1 14.1503 14.1503 5.28 0.0250
P * S * T 1 0.8101 0.8101 0.30 0.5845
Error 62 166.1867 2.6804
Note: R = Replication; P = Level of STP;
S * Level of SPI; T = Cooking Temperature;
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Table C.27. Analysis of variance for total moisture of the
unreheated cooked restructured beef roasts 
(Phase 2).





R 2 43.3408 21.6704 2.33 0.1342
P 1 76.5275 76.5275 8.21 0.0125
S 1 0.9643 0.9643 0.10 0.7524
T 1 586.8587 586.8587 62.98 0.0001
P * s 1 1.3549 1.3549 0.15 0.7087
P * T 1 38.2233 38.2233 4.10 0.0623
S * T 1 0.9970 0.9970 0.11 0.7484
P * S * T 1 1.6491 1.6491 0.18 0.6804Ea 14 130.4479 9.3177 16.17 0.0001D 1 9.0000 9.0000 15.62 0.0001p * D 1 7.0721 7.0721 12.27 0.0007S * D 1 0.0615 0.0615 0.11 0.7445
T * D 1 12.6368 12.6368 21.93 0.0001P * S * D 1 4.3932 4.3932 7.63 0.0067
S * T * D 1 5.0348 5.0348 8.74 0.0038
P * T * D 1 1.2192 1.2192 2.12 0.1486
P * S * T * D 1 3.5100 3.5100 6.09 0.0151
Eb 112 64.5293 0.5762
Note: R - Replication; P ■* Level of STP;
S = Level of SPI; T = Cooking Temperature;
Ea ■ Experimental error for main plots.
' Eb = Experimental error for subplots.
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Table C.28. Analysis of variance for percent cook yield
(Phase 2).





R 2 56.8446 28.4223 3.08 0.0781
P 1 21.3382 21.3382 2.31 0.1509S 1 35.0175 35.0175 3.79 0.0719
T 1 1219.9430 1219.9430 132.03 0.0001
p * T 1 39.6551 39.6551 4.29 0.0573
S * T 1 0.2625 0.2625 0.03 0.8686P * S 1 0.0330 0.0330 0.00 0.9532
p * s * T 1.2467 1.2467 0.13 0.7189Error 14 129.3597 9.2400
Note: R = Replication; P ■ Level of STP;
S *= Level of SPI; T = Cooking Temperature;
172
Table C.29. Analysis of variance for expressible moisture
(Phase 2).





R 2 360.9479 180.4740 2.87 0.0905
P 1 157.6875 157.6875 2.50 0.1359S 1 0.1875 0.1875 0.00 0.9573
T 1 7600.3333 7600.3333 120.69 0.0001P * S 1 126.7500 126.7500 2.01 0.1779
P * T 1 165.0208 165.0208 2.62 0.1278S * T 1 25.5208 25.5208 0.41 0.5347
P * S * T 1 10.0833 10.0833 0.16 0.6951Ea 14 881.6354 62.9740 5.26 0.0001
D 1 6.7500 6.7500 0.56 0.4538
P * D 1 0.5208 0.5208 0.04 0.8350
S * D 1 6.0208 6.0208 0.50 0.4793
T * D 1 52.0833 52.0833 4.35 0.0386P * S * D 1 3.0000 3.0000 0.25 0.6174
S * T * D 1 117.1875 117.1875 9.79 0.0021
P * T * D 1 11.0208 11.0208 0.92 0.3388p * S * T * D 1 33.3333 33.3333 2.78 0.0972
Eb 160 1915.5833 11.9724
Note: R « Replication? P - Level of STP;
S = Level of SPI; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb - Experimental error for subplots.
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Table C.30. Analysis of variance for water-binding (Phase
2) .





R 2 0.0086 0.0043 0.49 0.6243P 1 0.0027 0.0027 0.30 0.5899
S 1 0.0002 0.0002 0.03 0.8692
T 1 0.1264 0.1264 14.39 0.0020
P * S 1 0.0123 0.0123 1.40 0.2563
P * T 1 0.0001 0.0001 0.01 0.9168
S * T 1 0.0340 0.0340 3.87 0.0694P * S * T 1 0.0004 0.0004 0.05 0.8338
Ea 14 0.1233 0.0088 1.93 0.0272
D 1 0.0196 0.0196 4.29 0.0398
P * D 1 0.0295 0.0295 6.45 0.0120
S * D 1 0.0015 0.0015 0.32 0.5734
T * D 1 0.0018 0.0018 0.40 0.5286
P * S * D 1 0.0252 0.0252 5.52 0.0201
S * T * D 1 0.0032 0.0032 0.71 0.4008
P * T * D 1 0.0074 0.0074 1.62 0.2051
P * S * T * D 1 0.0269 0.0269 5.88 0.0165
Eb 159 0.0768 0.0046
Note: R = Replication; P = Level of STP;
S = Level of SPI; T - Cooking Temperature; 
Ea - Experimental error for main plots.
Eb = Experimental error for subplots.
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Table C.31. Analysis of variance for shear force values 
(Phase 2).





R 2 36.4468 18.2234 9.22 0.0028
P 1 1.0000 1.0000 0.51 0.4886s 1 1.9136 1.9136 0.97 0.3418
T 1 25.6711 25.6711 12.99 0.0029P * S 1 2.8900 2.8900 1.46 0.2466P * T 1 0.4669 0.4669 0.24 0.6344S * T 1 0.9344 0.9344 0.47 0.5029P * S * T 1 1.2469 1.2469 0.63 0.4403Ea 14 27.6699 1.9764 3.55 0.0001D 1 2.3511 2.3511 4.22 0.0422P * D 1 0.3803 0.3803 0.68 0.4102S * D 1 0.0900 0.0900 0.16 0.6883T * D 1 2.6136 2.6136 4.70 0.0323P * S * D 1 3.5469 3.5469 6.37 0.0130S * T * D 1 3.9336 3.9336 7.07 0.0090P * T * D 1 0.3211 0.3211 0.58 0.4491P * S ★ T * D 1 1.2844 1.2844 2.31 0.1315Eb 112 62.3256 0.5565
Note: R = Replication; P = Level of STP; 
S = Level of SPI; T = Cooking Temperature; 
Ea = Experimental error for main plots. 
Eb = Experimental error for subplots.
APPENDIX D 
Analysis of Variance Tables 




Table D.l. Analysis of variance of sensory evaluation
scores (Phase 1) for beefiness, by panelist 1.





R 2 16.7203 8.3601 3.31 0.1418
T 2 2.4869 1.2435 0.49 0.6439
Ea 4 10.1014 2.5253 4.05 0.0629
D 1 18.3013 18.3013 29.36 0.0016
T * D 2 2.1775 1.0888 1.75 0.2525
Eb 6 3.7400 0.6233
Note: R = Replication; T = Cooking Temperature;
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Table D.2. Analysis of variance of sensory evaluation
scores (Phase 1) for beefiness , by panelist 2.





R 2 0.1975 0.0988 0.13 0.8849
T 2 1.4658 0.7329 0.94 0.4640
Ea 4 3.1317 0.7829 0.84 0.5494
D 1 9.1022 9.1022 9.71 0.0207
T * D 2 2.1536 1.0768 1.15 0.3781
Eb 6 5.6242 0.9374
Note: R * Replication? T ** Cooking Temperature;
Ea = Experimental error for main plots.Eb » Experimental error for subplots.
177
Table D.3. Analysis of variance of sensory evaluation
scores (Phase 1) for beefiness, by panelist 3.
Source df Sum of Squares MeanSquares
F Pr>F
R 2 2.9575 1.4788 1.77 0.2812
T 2 0.3658 0.1829 0.22 0.8123
Ea 4 3.3392 0.8348 1.06 0.4529
D 1 26.6450 26.6450 33.68 0.0011
T * D 2 0.0508 0.0254 0.03 0.9685
Eb 6 4.7467 0.7911
Note: R = Replication; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Table D.4. Analysis of variance of sensory evaluationscores (Phase 1) for beefiness , by panelist 4.





R 1 0.3008 0.3008 0.49 0.5578
T 2 0.3463 0.1731 0.28 0.7814
Ea 4 1.2379 0.6190 6.32 0.0840
D 1 0.0300 0.0300 0.31 0.6185
T * D 2 0.2488 0.1244 1.27 0.3984
Eb 3 0.2937 0.0979
Note: R = Replication; T » Cooking Temperature;
Ea = Experimental error for main plots.
Eb - Experimental error for subplots.
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Table D.5. Analysis of variance of sensory evaluation
scores (Phase 1) for beefiness, by panelist 5.





R 1 0.9633 0.9633 0.55 0.5347
T 2 2.9017 1.4508 0.83 0.5458
Ea 2 3.4867 1.7433 2.41 0.2379
D 1 0.7008 0.7008 0.97 0.3978







Note: R = Replication; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Table D.6. Analysis of variance of sensory evaluation
scores (Phase 1) for beefiness, by panelist 6.





R 1 0.0208 0.0208 0.13 0.7511
T 2 0.2413 0.1206 0.76 0.5666
Ea 2 0.3154 0.1577 0.29 0.7682
D 1 6.3075 6.3075 11.53 0.0426
T * D 2 0.8213 0.4106 0.75 0.5441
Eb 3 1.6413 0.5471
Note: R = Replication; T = Cooking Temperature;Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.7. Analysis of variance of sensory evaluationscores (Phase 1) for beefiness, by panelist 7.





R 2 0.5678 0.2839 1.79 0.2779
T ' 2 0.1011 0.0506 0.32 0.7435Ea 4 0.6331 0.1583 1.03 0.4609D 1 0.8668 0.8668 5.67 0.0547T * D 2 0.4044 0.2022 1.32 0.3343
Eb 6 0.9175 0.1529
Note: R = Replication; T = Cooking Temperature;
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Table D.8. Analysis of variance of sensory evaluation
scores (Phase l) for beefiness, by panelist 
8.
Source df Sum of Mean F Pr>F
Squares Squares
R 2 36.5011 18.2506 37.38 0.0026
T 2 2.6803 1.3401 2.74 0.1777
Ea 4 1.9531 0.4883 0.26 0.8916
D 1 14.2222 14.2222 7.66 0.0326
T * D 2 1.6919 0.8460 0.46 0.6544
Eb 6 11.1458 1.8576
Note: R = Replication; T * Cooking Temperature;
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.9. Analysis of variance of sensory evaluation
scores (Phase 1) for beefiness, by panelist 9.





R 2 0.2003 0.1001 0.28 0.7670
T 2 0.1119 0.0560 0.16 0.8585
Ea 4 1.4122 0.3531 0.72 0.6093
D 1 0.3200 0.3200 0.65 0.4504
T * D 2 1.6725 0.8363 1.70 0.2597Eb 6 2.9475 0.4913
Note: R = Replication ; T ■ Cooking Temperature;
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Table D.10. Analysis of variance of sensory evaluation
scores (Phase 1) for warmed-■over flavor, bypanelist 1.





R 2 14.4336 7.2168 4.69 0.0893T 2 3.3678 1.6839 1.09 0.4177
Ea 4 6.1539 1.5385 1.56 0.2989
D 1 11.0450 11.0450 11.17 0.0156
T * D 2 8.0400 4.0200 4.07 0.0765
Eb 6 5.9325 0.9888
Note: R = Replication; T « Cooking Temperature;Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.11. Analysis of variance of sensory evaluation
scores (Phase l) for warmed-over flavor, bypanelist 2.
Source df Sum of Mean F Pr>F
Squares Squares
R 2 0.7078 0.3539 7.99 0.0401
T 2 3.3719 1.6860 38.05 0.0025Ea 4 0.1772 0.0443 0.28 0.8800
D 1 30.2901 30.2901 192.32 0.0001
T * D 2 0.1636 0.0818 0.52 0.6194Eb 6 0.9450 0.1575
Note: R = Replicationi; T — Cooking Temperature;
Ea * Experimental error for main plots.
Eb = Experimental error for subplots.
Table D.12. Analysis of variance of sensory evaluationscores (Phase 1) for warmed-over flavor, by
panelist 3.





R 2 0.1753 0.0876 0.20 0.8247
T 2 0.9636 0.4818 1.11 0.4129
Ea 4 1.7322 0.4331 0.47 0.7544
D 1 36.8368 36.8368 40.38 0.0007
T * D 2 0.8303 0.4151 0.46 0.6547
Eb 6 5.4742 0.9124
Note: R = Replication; T = Cooking Temperature?
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.13. Analysis of variance of sensory evaluation
scores (Phase 1) for warmed-over flavor, by
panelist 4.





R 1 0.0019 0.0019 0.00 0.9579T 2 2.5017 1.2508 2.37 0.2966
Ea 2 1.0550 0.5275 0.45 0.6723D 1 0.9352 0.9352 0.81 0.4355T * D 2 0.4317 0.2158 0.19 0.8392
Eb 3 3.4819 1.1606
Note: R = Replication ; T = Cooking Temperature;
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Table D.14. Analysis of variance of sensory evaluation
scores (Phase 1) for warmed- over flavor, by
panelist 5.





R 1 4.3802 4.3802 1.22 0.3841
T 2 6.9517 3.4758 0.97 0.5076
Ea 2 7.1667 3.5833 4.44 0.1269
D 1 0.1302 0.1302 0.16 0.7149
T * D 2 2.6867 1.3433 1.66 0.3264
Eb 3 2.4219 0.8073
Note: R = Replication; T = Cooking Temperature;
Ea a Experimental error for main plots.Eb a Experimental error for subplots.
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Table D.15. Analysis of variance of sensory evaluationscores (Phase 1) for warmed-over flavor, by
panelist 6.





R 1 0.3502 0.3502 1.96 0.2968
T 2 0.3238 0.1619 0.90 0.5251
Ea 2 0.3579 0.1790 0.64 0.5866
D 1 27.1502 27.1502 97.18 0.0022
T * D 2 0.1254 0.0627 0.22 0.8113Eb 3 0.8381 0.2794
Note: R = Replication; T = Cooking Temperature;
Ea = Experimental error for main plots.
Eb *= Experimental error for subplots.
Table D.16. Analysis of variance of sensory evaluation
scores (Phase 1) for warmed-over flavor, by
panelist 7.





R 2 1.5808 0.7904 0.48 0.6485
T 2 0.7033 0.3517 0.22 0.8152
Ea 4 6.5383 1.6346 3.79 0.0719
D 1 4.9613 4.9613 11.50 0.0147
T * D 2 4.2033 2.1017 4.87 0.0554
Eb 6 2.5892 0.4315
Note: R = Replication; T = Cooking Temperature;
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.17. Analysis of variance of sensory evaluation
scores (Phase 1) for warmed-over flavor, bypanelist 8.





R 2 25.0336 12.5168 12.97 0.0178
T 2 7.8769 3.9385 4.08 0.1081
Ea 4 3.8589 0.9647 1.20 0.3989D 1 17.4050 17.4050 21.71 0.0035
T * D 2 5.4558 2.7279 3.40 0.1028Eb 6 4.8092 0.8015
Note: R = Replication; T = Cooking Temperature;
Ea = Experimental error for main plots.
Eb b Experimental error for subplots.
Table D.18. Analysis of variance of sensory evaluation
scores (Phase 1) for warmed*-over flavor, bypanelist 9.





R 2 14.4608 7.2304 6.72 0.0527
T 2 4.9975 2.4988 2.32 0.2143
Ea 4 4.3067 1.0767 0.84 0.5453
D 1 0.0113 0.0113 0.01 0.9283
T * D 2 7.3075 3.6538 2.86 0.1340
Eb 6 7.6575 1.2763
Note: R = Replication; T = Cooking Temperature;
Ea = Experimental error for main plots.Eb ■ Experimental error for subplots.
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Table D.19. Analysis of variance of sensory evaluationscores (Phase 1) for tenderness, by panelist
1.





R 2 4.5108 2.2554 5.77 0.0662
T 2 2.8158 1.4079 3.60 0.1274Ea 4 1.5633 0.3908 0.85 0.5445
D 1 4.6006 4.6006 9.95 0.0197
T * D 2 0.5453 0.2726 0.59 0.5837Eb 6 2.7742 0.4624
Note: R = Replication; T = Cooking Temperature; 
Ea *= Experimental error for main plots.
Eb = Experimental error for subplots.
Table D.20. Analysis of variance of sensory evaluation
scores
2.
(Phase 1) for tenderness, by panelist




R 2 0.3811 0.1906 0.57 0.6041
T 2 1.2053 0.6026 1.81 0.2751Ea 4 1.3297 0.3324 0.86 0.5392
D 1 5.7800 5.7800 14.89 0.0084
T * D 2 7.5358 3.7679 9.71 0.0132
Eb 6 2.3292 0.3882
Note: R = Replication; T = Cooking Temperature;
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.21. Analysis of variance of sensory evaluation
scores (Phase 1) for tenderness, by panelist
3.





R 2 0.8811 0.4406 0.51 0.6337
T 2 5.5936 2.7968 3.25 0.1450
Ea 4 3.4397 0.8599 0.67 0.6375
D 1 0.9339 0.9339 0.73 0.4271
T * D 2 0.5936 0.2968 0.23 0.8009
Eb 6 7.7275 1.2879
Note: R = Replication; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Table D.22. Analysis of variance of sensory evaluation
scores
4.
(Phase l) for tenderness, by panelist





R 1 2.3408 2.3408 0.88 0.4473
T 2 1.9513 0.9756 0.37 0.7318
Ea 2 5.3229 2.6615 2.25 0.2525
D 1 1.5408 1.5408 1.31 0.3362
T * D 2 0.4654 0.2327 0.20 0.8309
Eb 3 3.5413 1.1804
Note: R = Replication; T = Cooking Temperature;
Ea - Experimental error for main plots.
Eb - Experimental error for subplots.
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Table D.23. Analysis of variance of sensory evaluation
scores (Phase 1) for tenderness, by panelist5.





R 1 0.8533 0.8533 1.67 0.3252
T 2 0.4304 0.2152 0.42 0.7033
Ea 2 1.0204 0.5102 3.91 0.1459
D 1 0.4408 0.4408 3.38 0.1633T * D 2 0.5804 0.2902 2.23 0.2555Eb 3 0.3913 0.1304
Note: R « Replication; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Table D.24. Analysis of variance of sensory evaluation
scores
6.
(Phase 1) for tenderness, by panelist





R 1 0.0919 0.0918 1.02 0.4187
T 2 1.0617 0.5308 5.90 0.1450
Ea 2 0.1800 0.0900 0.23 0.8043
D 1 3.5752 3.5752 9.31 0.0554
T * D 2 0.2117 0.1058 0.28 0.7764
Eb 3 1.1519 0.3840
Note: R = Replication; T = Cooking Temperature;
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.25. Analysis of variance of sensory evaluationscores (Phase 1) for tenderness, by panelist
7.
Source df Sum of Mean F Pr>F
Squares Squares
R 2 3.2603 1.6301 9.49 0.0303
T 2 0.0678 0.0339 0.20 0.8285
Ea 4 0.6872 0.1718 0.22 0.9156
D 1' 0.7200 0.7200 0.94 0.3704
T * D 2 0.8233 0.4117 0.54 0.6108
Eb 6 4.6092 0.7682
Note: R = Replication; T = Cooking Temperature;
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Table D.26. Analysis of variance of sensory evaluation
scores (Phase 1) for tenderness, by panelist 
8.





R 2 4.9808 2.4904 5.12 0.0790
T 2 0.6300 0.3150 0.65 0.5708
Ea 4 1.9467 0.4867 0.73 0.6017
D 1 9.9013 9.9013 14.91 0.0083
T * D 2 2.5633 1.2817 1.93 0.2253
Eb 6 3.9842 0.6640
Note: R = Replication; T = Cooking Temperature;
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.27. Analysis of variance of sensory evaluation
scores (Phase 1) for tenderness, by panelist
9.





R 2 1.2675 0.6338 0.88 0.4824
T 2 0.9758 0.4879 0.68 0.5581
Ea 4 2.8817 0.7204 1.26 0.3808
D 1 4.7535 4.7535 8.31 0.0280
T * D 2 0.8836 0.4418 0.77 0.5031
Eb 6 3.4342 0.5724
Note: R « Replication; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Table D.28. Analysis of variance of sensory evaluation
scores
1.
(Phase 1) for juiciness, by panelist





R 2 2.6408 1.3204 2.10 0.2378
T 2 7.2708 3.6354 5.79 0.0660
Ea 4 2.5133 0.6283 1.26 0.3791
D 1 2.2756 2.2756 4.58 0.0762
T * D 2 1.8619 0.9310 1.87 0.2334
Eb 6 2.9825 0.4971
Note: R = Replication; T » Cooking Temperature;
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.29. Analysis of variance of sensory evaluation
scores (Phase 1) for juiciness, by panelist
2.





R 2 0.2678 0.1339 0.26 0.7864
T 2 0.5136 0.2568 0.49 0.6453
Ea 4 2.0972 0.5243 3.67 0.0766D 1 2.4939 0.5243 3.67 0.0766
T * D 2 2.4753 1.2376 8.65 0.0171Eb 6 0.8583 0.1431
Note: R = Replication; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Table D.30. Analysis of variance of sensory evaluation
scores
3.
(Phase 1) for juiciness, by panelist





R 2 0.4519 0.2260 0.25 0.7868
T 2 6.9378 3.4689 3.91 0.1145Ea 4 3.5489 0.8872 2.40 0.1615
D 1 0.1422 0.1422 0.39 0.5576
T * D 2 0.4411 0.2206 0.60 0.5798
Eb 6 2.2142 0.3690
Note: R * Replication; T = Cooking Temperature;
Ea = Experimental error for main plots.
Eb * Experimental error for subplots.
191
Table D.31. Analysis of variance of sensory evaluationscores (Phase 1) for juiciness, by panelist
4.
Source df Sum of Mean F Pr>F
Squares Squares
R 1 0.1102 0.1102 0.02 0.8975
T ' 2 0.4154 0.2077 0.04 0.9615
Ea 2 10.3854 5.1927 1.55 0.3450
D 1 0.4219 0.4219 0.13 0.7462
T * D 2 1.0213 0.5106 0.15 0.8649
Eb 3 10.0531 3.3510
Note: R = Replicationi; T = Cooking Temperature;
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Table D.32. Analysis of variance of sensory evaluation
scores (Phase 1) for juiciness, by panelist
5.





R 1 1.6875 1.6875 4.73 0.1617
T 2 1.3404 0.6702 1.88 0.3475
Ea 2 0.7138 0.3569 3.68 0.1560
D 1 0.0133 0.0133 0.14 0.7356
T * D 2 1.1904 0.5952 6.13 0.0872
Eb 3 0.2913 0.0971
Note: R = Replication; T *> Cooking Temperature;
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.33. Analysis of variance of sensory evaluationscores (Phase 1) for juiciness, by panelist
6 .





R 1 0.0208 0.0208 0.39 0.5958
T 2 0.2817 0.1408 2.64 0.2747
Ea 2 0.1067 0.0533 0.39 0.7095
D 1 2.5208 2.5208 18.22 0.0236
T * D 2 0.0866 0.0433 0.31 0.7524
Eb 3 0.4150 0.1383
Note: R = Replication ; T = Cooking Temperature;
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Table D.34. Analysis of variance of sensory evaluation
scores
7.
(Phase 1) for juiciness, by panelist





R 2 0.6969 0.3485 0.68 0.5579
T 2 5.2869 2.6435 5.14 0.0785
Ea 4 2.0572 0.5143 0.54 0.7135
D 1 0.9339 0.9339 0.98 0.3605
T * D 2 1.2769 0.6385 0.67 0.5463
Eb 3 5.7192 0.9532
Note: R = Replication; T = Cooking Temperature;
Ea = Experimental error for main plots.
Eb « Experimental error for subplots.
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Table D.35. Analysis of variance of sensory evaluation
scores (Phase 1) for juiciness, by panelist8.


































Note: R = Replication; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Table D.36. Analysis 
scores 
9.
of variance of sensory evaluation 
(Phase 1) for juiciness, by panelist





R 2 0.9003 0.4501 0.35 0.7252
T 2 1.8219 0.9110 0.71 0.5465
Ea 4 5.1647 1.2912 1.32 0.3626
D 1 2.1013 2.1013 2.14 0.1935
T * D 2 1.5475 0.7738 0.79 0.4961
Eb 6 5.8800 0.9800
Note: R * Replication; T - Cooking Temperature;
Ea =* Experimental error for main plots.
Eb ■= Experimental error for subplots.
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Table D.37. Analysis of variance of sensory evaluation
scores (Phase 2) for beefiness, by panelist
1 .





R 2 1.0201 0.5100 0.62 0.5518
P 1 1.5679 1.5679 1.91 0.1889
S 1 1.0695 1.0695 1.30 9,2632
T 1 1.7813 1.7813 2.17 0.1631
P * S 1 2.2138 2.2138 2.69 0.1231p * T 1 0.3036 0.3036 0.37 0.5531S * T 1 0.1825 0.1825 0.22 0.6448P * S * T 1 1.5386 1.5386 1.87 0.1928
Ea 14 11.7698 0.8407 2.69 0.1395D 1 0.0007 0.0007 0.00 0.9633P * D 1 0.5913 0.5913 1.89 0.2062S * D 1 0.1445 0.1445 0.46 0.5157
T * D 1 4.1688 4.1688 13.34 0.0065
P * S * D 1 0.3720 0.3720 1.19 0.3070
S * T * D 1 0.5126 0.5126 1.64 0.2361
P * T * D 1 0.7051 0.7051 2.26 0.1714
P * S * T * D 1 0.0570 0.0570 0.18 0.6807
Eb 8 2.4994 0.3124
Note: R = Replication; P = Level of STP;
S = Level of SPI; T * Cooking Temperature; 
Ea » Experimental error for main plots.
Eb *= Experimental error for subplots.
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Table D.38. Analysis of variance of sensory evaluation
scores (Phase 2) for beefiness, by panelist 
2 .





R 2 0.1259 0.0630 0.12 0.8866P 1 0.9633 0.9633 1.86 0.1944S 1 0.5208 0.5208 1.00 0.3332T 1 2.2969 2.2969 4.43 0.0538P * S 1 0.1875 0.1875 0.36 0.5572P * T 1 0.2852 0.2852 0.55 0.4705s * T 1 1.1102 1.1102 2.14 0.1655P * S * T 1 1.1719 1.1719 2.26 0.1549Ea 14 7.2582 0.5184 0.46 0.9221D 1 27.7552 27.7552 24.84 0.0001P * D 1 0.2269 0.2269 0.20 0.6583S * D 1 0.1302 0.1302 0.12 0.7373T * D 1 0.1200 0.1200 0.11 0.7474p * S * D 1 0.6769 0.6769 0.61 0.4478S * T * D 1 1.3333 1.3333 1.19 0.2909P * T * D 1 0.0208 0.0208 0.02 0.8931
P * S * T * D 1 0.6533 0.6533 0.58 0.4556
Eb 16 17.8808 1.1176
Note: R = Replication; P «■ Level of STP;
S « Level of SPIy T « Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.39. Analysis of variance of sensory evaluation
scores (Phase 2) for beefiness, by panelist 
3.





R 2 1.5754 0.7877 0.95 0.4115
P 1 0.1576 0.1576 0.19 0.6701
S 1 0.0963 0.0963 0.12 0.7387
T 1 0.0567 0.0567 0.07 0.7978
P * S 1 0.0151 0.0151 0.02 0.8949
P * T 1 0.4505 0.4505 0.54 0.4740
S * T 1 3.0755 3.0755 3.70 0.0751
P * S * T 1 0.0876 0.0876 0.11 0.7504
Ea 14 11.6479 0.8320 1.29 0.3118
D 1 11.0688 11.0688 17.11 0.0008P * D 1 0.0380 0.0380 0.06 0.8116
S * D 1 1.5951 1.5951 2.47 0.1359
T * D 1 0.5963 0.5963 0.92 0.3512
P * S * D 1 0.7626 0.7626 1.18 0.2936S * T * D 1 0.0005 0.0005 0.00 0.9789
P * T * D 1 0.8138 0.8138 1.26 0.2785
P * S * T * D 1 0.2930 0.2930 0.45 0.5105
Eb 16 10.3483 0.6468
Note: R = Replication; P ■ Level of STP;
S = Level of SPI; T » Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.40. Analysis of variance of sensory evaluation
scores (Phase 2) for beefiness, by panelist
4.





R 2 0.9851 0.4925 0.73 0.5113
P 1 0.5229 0.5229 0.78 0.4042
S 1 0.1829 0.1829 0.27 0.6167
T 1 0.0864 0.0864 0.13 0.7296
P * S 1 0.1029 0.1029 0.15 0.7063p * T 1 0.3150 0.3150 0.47 0.5136
S * T 1 0.0738 0.0738 0.11 0.7492p * S * T 1 0.0645 0.0645 0.10 0.7651Ea 10 6.4769 0.6477 25.28 0.0386
D 1 0.5814 0.5814 22.69 0.0414
P * D 1 0.1314 0.1314 5.13 0.1518S * D 1 0.0352 0.0352 1.37 0.3621T * D 1 0.0230 0.0230 0.90 0.4437P * S * D 1 0.0338 0.0338 1.32 0.3699
S * T * D 1 0.0903 0.0903 3.52 0.2013
P * T * D 1 0.0000 • • •p * S * T * D 1 0.0000 • ■ •
Eb 2 0.0513 0.0256
Note: R - Replication; P = Level of STP;
S = Level of SPIy T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.41. Analysis of variance of sensory evaluation
scores (Phase 2) for beefiness, by panelist
5.





R 1 0.3003 0.3003 0.46 0.5215
P 1 0.1953 0.1953 0.30 0.6032
S 1 0.4050 0.4050 0.61 0.4590
T 1 0.5778 0.5778 0.88 0.3805
P * s 1 0.0450 0.0450 0.07 0.8015
P * T 1 0.1378 0.1378 0.21 0.6615
S * T 1 1.3613 1.3613 2.06 0.1940P * S * T 1 0.5000 0.5000 0.76 0.4128
Ea 7 4.6172 0.6596 0.84 0.5841
D 1 0.0528 0.0528 0.07 0.8019
p * D 1 1.4028 1.4028 1.79 0.2180
S * D 1 0.0800 0.0800 0.10 0.7577
T * D 1 1.0878 1.0878 1.39 0.2729
P * S * D 1 0.0800 0.0800 0.10 0.7577
S * T * D 1 3.5113 3.5113 4.47 0.0673
P * T * D 1 0.8128 0.8128 1.04 0.3386
P * S * T * D 1 2.0000 2.0000 2.55 0.1490
Eb 8 6.2775 0.7847
Note: R = Replication; P = Level of STP;
S = Level of SPI; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.42. Analysis of variance of sensory evaluation
scores (Phase 2) for beefiness, by panelist
6.





R 2 0.0846 0.0423 0.08 0.9224
P 1 0.1084 0.1084 0.21 0.6552
s 1 0.6304 0.6304 1.21 0.2897
T 1 0.9627 0.9627 1.85 0.1954
P * S 1 0.7042 0.7042 1.35 0.2643
P * T 1 0.0004 0.0004 0.00 0.9790
S * T 1 0.7150 0.7150 1.37 0.2608
P * S * T 1 1.9440 1.9440 3.73 0.0738
Ea 14 6.5375 0.4670 1.01 0.4967
D 1 4.9000 4.9000 10.63 0.0068
P * D 1 0.1103 0.1103 0.24 0.6336
S * D 1 0.0070 0.0070 0.02 0.9037
T * D 1 0.0160 0.0160 0.03 0.8553
P * S * D 1 0.4167 0.4167 0.90 0.3605
S * T * D 1 0.0303 0.0303 0.07 0.8022
P * T * D 1 0.4420 0.4420 0.96 0.3468
P * S * T * D 1 0.8882 0.8882 1.93 0.1904
Eb 12 5.5321 0.4610
Note: R = Replication; P = Level of STP;
S = Level of SPI; T ■ Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
F'
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Table D.43. Analysis of variance of sensory evaluation
scores (Phase 2) for beefiness, by panelist7.





R 2 0.2761 0.1381 1.40 0.2919
P 1 0.0602 0.0602 0.61 0.4534
S 1 0.2282 0.2282 2.31 0.1597
T 1 0.0135 0.0135 0.14 0.7195
P * S 1 0.0135 0.0135 0.14 0.7195
P * T 1 0.2042 0.2042 2.06 0.1813S * T 1 0.0002 0.0002 0.00 0.9681
P * S * T 1 0.0313 0.0313 0.32 0.5864
Ea 10 0.9889 0.0989 0.81 0.6263
D 1 0.0023 0.0023 0.02 0.8943
P * D 1 0.0040 0.0040 0.03 0.8595
S * 0 1 0.3063 0.3063 2.51 0.1394
T * D 1 0.0640 0.0640 0.52 0.4832
P * S * D 1 0.1127 0.1127 0.92 0.3559
S * T * D 1 0.0327 0.0327 0.27 0.6146
P * T * D 1 0.0000 0.0000 0.00 1.0000p * S * T * D 1 0.0540 0.0540 0.44 0.5188
Eb 12 1.4667 0.1222
Note: R * Replication; P = Level of STP;
S = Level of SPI; T - cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.44. Analysis of variance of sensory evaluation
scores (Phase 2) for beefiness, by panelist 
8 .





R 2 2.3717 1.1859 0.64 0.5491
P 1 0.0001 0.0001 0.00 0.9950s 1 0.4632 0.4632 0.25 0.6287
T 1 0.1020 0.1020 0.05 0.8196
P * S 1 0.7970 0.7970 0.43 0.5277
P * T 1 1.4098 1.4098 0.76 0.4046s * T 1 0.0025 0.0025 0.00 0.9714
P * S * T 1 0.0921 0.0921 0.05 0.8285
Ea 10 18.2709 1.8271 1.25 0.3828
D 1 8.4563 8.4563 5.79 0.0427
P * D 1 0.2032 0.2032 0.14 0.7188
S * D 1 0.0176 0.0176 0.01 0.9153
T * D 1 0.7970 0.7970 0.55 0.4812
P * S * D 1 0.9626 0.9626 0.66 0.4403
S * T * D 1 0.6470 0.6470 0.44 0.5244p * T * D 1 2.3926 2.3926 1.64 0.2364
P * S * T * D 1 0.4632 0.4632 0.32 0.5887
Eb 8 11.6819 1.4602
Note: R ■ Replication; P = Level of STPy
S = Level of SPI; T «* Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Table D.45. Analysis of variance of sensory evaluation
scores (Phase 2) for beefiness, by panelist9.





R 2 3.7060 1.8530 5.20 0.0283
P 1 0.6400 0.6400 1.80 0.2097
S 1 1.0609 1.0609 2.98 0.1151
T 1 0.5625 0.5625 1.58 0.2374
P * S 1 0.0650 0.0650 0.18 0.6782
P * T 1 1.8360 1.8360 5.16 0.0465s * T 1 0.3906 0.3906 1.10 0.3196
P * S * T 1 0.0833 0.0833 0.23 0.6390
Ea 10 3.0386 0.3039 1.03 0.5364
D 1 0.2017 0.2017 0.68 0.4555p * D 1 0.1838 0.1838 0.62 0.4748
S * D 1 0.1350 0.1350 0.46 0.5364
T * D 1 0.1200 0.1200 0.41 0.5589
P * S * D 1 0.1504 0.1504 0.51 0.5153
S * T * D 1 0.3852 0.3852 1.30 0.3176
P * T * D 1 0.0052 0.0052 0.02 0.9009
P * S * T * D 1 0.4800 0.4800 1.62 0.2718
Eb 8 xxxxxxx xxxxxx
Note: R ** Replication; P ** Level of STP;
S = Level of SPI; T * Cooking Temperature; 
Ea - Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.46. Analysis of variance of sensory evaluation
scores (Phase 2) for warmed-over flavor, by
panelist 1.





R 2 4.9354 2.4677 1.89 0.1882
P 1 2.1184 2.1184 1.62 0.2239S 1 1.1884 1.1884 0.91 0.3567
T 1 2.2050 2.2050 1.69 0.2151P * S 1 4.5250 4.5250 3.46 0.0840
P * T 1 0.0139 0.0139 0.01 0.9194
S * T 1 0.0501 0.0501 0.04 0.8476P * S * T 1 0.0356 0.0356 0.03 0.8714
Ea 14 23.2564 1.6612 1.85 0.1918D 1 0.2450 0.2450 0.27 0.6153
P * D 1 4.0613 4.0613 4.53 0.0660
S * D 1 0.7200 0.7200 0.80 0.3963
T * D 1 0.0078 0.0078 0.01 0.9279
P * S * D 1 3.3800 3.3800 3.77 0.0881
S * T * D 1 2.1528 2.1528 2.40 0.1598
P * T * D 1 0.1128 0.1128 0.13 0.7320
P * S * T * D 1 1.2403 1.2403 1.38 0.2733
Eb 8 7.1725 0.8966
Note: R = Replication; P * Level of STP;
S * Level of SPI; T = Cooking Temperature; 
Ea - Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.47. Analysis of variance of sensory evaluation
scores (Phase 2) for warmed-over flavor by 
panelist 2.





R 2 0.8689 0.4344 1.02 0.3865
P 1 0.3169 0.3169 0.74 0.4033
S 1 0.5419 0.5419 1.27 0.2787
T 1 0.8269 0.8269 1.94 0.1856
P * S 1 0.0208 0.0208 0.05 0.8283
P * T 1 0.2408 0.2408 0.56 0.4649
S * T 1 0.3675 0.3675 0.86 0.3691
P * S * T 1 0.5002 0.5002 1.17 0.2972Ea 14 5.9728 0.4266 0.96 0.5282D 1 45.8252 45.8252 102.86 0.0001
p * D 1 1.0208 1.0208 2.29 0.1496
S * D 1 0.3333 0.3333 0.75 0.3998T * D 1 0.9075 0.9075 2.04 0.1727
P * S * D 1 0.0469 0.0469 0.11 0.7499S * T * D 1 0.1302 0.1302 0.29 0.5962
P * T * D 1 0.0052 0.0052 0.01 0.9152
P * S * T * D 1 0.1875 0.1875 0.42 0.5257
Eb 16 7.1283 0.4455
Note: R = Replication; P = Level of STP;
S = Level of SPI; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.48. Analysis of variance of sensory evaluation
scores (Phase 2) for warmed-over flavor, bypanelist 3.





R 2 1.4572 0.7286 9.34 0.0026
P 1 0.0117 0.0117 0.15 0.7041
S 1 0.0013 0.0013 0.02 0.8990
T 1 0.0005 0.0005 0.01 0.9393P * S 1 0.1463 0.1463 1.88 0.1924
P * T 1 0.0326 0.0326 0.42 0.5287
S * T 1 0.0567 0.0567 0.73 0.4082
P * S * T 1 0.1251 0.1251 1.60 0.2261
Ea 14 1.0920 0.0780 0.74 0.7080
D 1 9.4076 9.4076 89.73 0.0001
P * D 1 0.0026 0.0026 0.02 0.8780S * D 1 0.0380 0.0380 0.36 0.5557
T * D 1 0.0963 0.0963 0.92 0.3521
P * S * D 1 0.0151 0.0151 0.14 0.7097
S * T * D 1 0.0230 0.0230 0.22 0.6461
P * T * D 1 0.1463 0.1463 1.40 0.2548
P * S * T * D 1 0.1251 0.1251 1.19 0.2909
Eb 16 1.6775 0.1048
Note: R = Replication; P - Level of STP;
S = Level of SPI; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
206
Table D.49. Analysis of variance of sensory evaluation
scores (Phase 2) for warmed-over flavor, by 
panelist 4.





R 2 0.6317 0.3158 1.91 0.2103P 1 0.1406 0.1406 0.85 0.3838
S 1 0.0139 0.0139 0.08 0.7792T 1 0.2467 0.2467 1.49 0.2571
P * S 1 0.3225 0.3225 1.95 0.2004
P * T 1 0.1772 0.1772 1.07 0.3313s * T 1 0.3843 0.3843 2.32 0.1662
P * S * T 1 0.0161 0.0161 0.10 0.7631Ea 10 1.4911 0.1491 0.62 0.7527D 1 0.4727 0.4727 1.97 0.2959
P * D 1 0.0352 0.0352 0.15 0.7389S * D 1 0.0977 0.0977 0.41 0.5891T * D 1 0.6888 0.6888 2.87 0.2325P * S * D 1 0.2926 0.2926 1.22 0.3848
S * T * D 1 0.0013 0.0013 0.01 0.9491p * T * D 1 0.0000 ■ • ■
P * S * T * D 1 0.0000 • • ■Eb 2 0.4806 0.2403
Note: R = Replication; P - Level of STP;
S = Level of SPI; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.50. Analysis of variance of sensory evaluation
scores (Phase 2) for warmed-over flavor, by 
panelist 5.





R 1 6.2128 6.2128 5.41 0.0529
P 1 1.4878 1.4878 1.30 0.2924
S 1 0.0903 0.0903 0.08 0.7872
T 1 0.0028 0.0028 0.00 0.9619
P * S 1 0.0378 0.0378 0.03 0.8611
P * T 1 1.2403 1.2403 1.08 0.3332
S * T 1 2.4753 2.4753 2.16 0.1855
P * S * T 1 0.0903 0.0903 0.08 0.7872
Ea 7 8.0372 1.1482 1.12 0.4326
D 1 0.8450 0.8450 0.83 0.3899P * D 1 2.4200 2.4200 2.37 0.1625
S * D 1 0.0013 0.0013 0.00 0.9730T * D 1 0.5513 0.5513 0.54 0.4838
P * S * D 1 0.0200 0.0200 0.02 0.8922
S * T * D 1 0.0000 0.0000 0.00 1.0000
P * T * D 1 3.1250 3.1250 3.06 0.1186
P * S * T * D 1 2.2050 2.2050 2.16 0.1802
Eb 8 8.1800 1.0225
Note: R = Replication; P = Level of STP;
S = Level of SPI; T *= Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.51. Analysis of variance of sensory evaluation
scores (Phase 2) for warmed-over flavor, by 
panelist 6.





R 2 0.3441 0.1720 0.33 0.7219
P 1 0.4463 0.4463 0.87 0.3680
S 1 1.0733 1.0733 2.08 0.1712
T 1 0.4378 0.4378 0.85 0.3725P * S 1 0.0825 0.0825 0.16 0.6952
P * T 1 0.0940 0.0940 0.18 0.6759s * T 1 0.0230 0.0230 0.04 0.8358p * S * T 1 0.2071 0.2071 0.40 0.5365Ea 14 7.7633 0.5545 0.87 0.6005D 1 1.2781 1.2781 2.01 0.1816
P * D 1 0.0076 0.0076 0.01 0.9149
S * D 1 0.8343 0.8343 1.31 0.2742
T * D 1 1.0401 1.0401 1.64 0.2249P * S * D 1 0.0650 0.0650 0.10 0.7546S * T * D 1 1.3506 1.3506 2.13 0.1705
P * T * D 1 0.5463 0.5463 0.86 0.3721
P * S * T * D 1 0.1576 0.1576 0.25 0.6275
Eb 12 7.6244 0.6354
Note: R ■ Replication; P = Level of STP;
S = Level of SPI; T - Cooking Temperature; 
Ea * Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.52. Analysis of variance of sensory evaluation
scores (Phase 2) for warmed-over flavor, by 
panelist 7.





R 2 0.0722 0.0361 1.93 0.1949
P 1 0.0070 0.0070 0.38 0.5527
S 1 0.0167 0.0167 0.89 0.3668
T 1 0.1042 0.1042 5.58 0.0398
P * S 1 0.0882 0.0882 4.73 0.0548
P * T 1 0.0107 0.0107 0.57 0.4670s * T 1 0.0120 0.0120 0.65 0.4404
P * S * T 1 0.0800 0.0800 4.29 0.0652
Ea 10 0.1866 0.0187 0.67 0.7337
D 1 0.0640 0.0640 2.30 0.1556
P * D 1 0.0090 0.0090 0.32 0.5804
S * D 1 0.0063 0.0063 0.22 0.6444
T * D 1 0.0423 0.0423 1.52 0.2419
P * S * D 1 0.0807 0.0807 2.89 0.1147
S * T * D 1 0.0070 0.0070 0.25 0.6244p * T * D 1 0.0167 0.0167 0.60 0.4544
P * S * T * D 1 0.0770 0.0770 2.76 0.1223
Eb 12 0.3346 0.0279
Note: R *= Replication; P - Level of STP;
S = Level of SPI; T * Cooking Temperature; 
Ea - Experimental error for main plots.
Eb - Experimental error for subplots.
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Table D.53. Analysis of variance of sensory evaluation
scores (Phase 2) for warmed-over flavor, by 
panelist 8.





R 2 1.0617 0.5308 1.48 0.2741
P 1 1.3750 1.3750 3.83 0.0789
s 1 1.0035 1.0035 2.79 0.1257
T 1 2.0995 2.0995 5.84 0.0362P * S 1 2.3113 2.3113 6.43 0.0296
P * T 1 1.9503 1.9503 5.43 0.0421
S * T 1 0.7813 0.7813 2.17 0.1711
P * S * T 1 2.1701 2.1701 6.04 0.0338
Ea 10 3.8983 0.3898 0.45 0.8833
D 1 10.5800 10.5800 12.16 0.0082
P * D 1 0.6050 0.6050 0.70 0.4286
S * D 1 0.1128 0.1128 0.13 0.7281
T * D 1 3.7813 3.7813 4.34 0.0706
P * S ★ D 1 0.8778 0.8778 1.01 0.3446
S * T * D 1 1.5753 1.5753 1.81 0.2154
P * T * D 1 0.0200 0.0200 0.02 0.8833
P * S * T * D 1 3.8503 3.8503 4.42 0.0686
Eb 8 6.9625 0.8703
Note: R = Replication; P = Level of STP;
S = Level of SPI; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
2X1
Table D.54. Analysis of variance of sensory evaluation
scores (Phase 2) for warmed-over flavor, by 
panelist 9.





R 2 2.5158 1.2579 1.11 0.3668
P 1 2.4885 2.4885 2.20 0.1691
S 1 1.2826 1.2826 1.13 0.3123
T 1 0.1208 0.1208 0.11 0.7508
P * s 1 0.3570 0.3570 0.32 0.5869
P * T 1 0.0005 0.0005 0.00 0.9835
S * T 1 1.4340 1.4340 1.27 0.2868
P * S * T 1 0.0326 0.0326 0.03 0.8688
Ea 10 14.0373 1.4037 1.15 0.4853
D 1 2.0126 2.0126 1.65 0.2685p * D 1 3.1176 3.1176 2.55 0.1853
S * D 1 3.1901 3.1901 2.61 0.1813
T * D 1 0.0963 0.0963 0.08 - 0.7928
P * S * D 1 0.0084 0.0084 0.01 0.9377
S * T * D 1 0.0188 0.0188 0.02 0.9072
P * T * D 1 3.2292 3.2292 2.64 0.1792
P * S * T * D 1 0.5963 0.5963 0.49 0.5232
Eb 4 4.8844 1.2211
Note: R = Replication; P = Level of STP;
S = Level of SPI; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.55. Analysis of variance of sensory evaluation
scores (Phase 2) for beaniness, by panelist
1.





R 2 14.4576 14.4576 2.75 0.0981
P 1 1.4168 1.4168 0.54 0.4747
S 1 2.1013 2.1013 0.80 0.3861
T 1 5.8368 5.8368 2.22 0.1582
P * S 1 0.3335 0.3335 0.13 0.7269
P * T 1 1.6200 1.6200 0.62 0.4453s * T 1 6.4800 6.4800 2.47 0.1385
P * S * T 1 0.0013 0.0013 0.00 0.9829
Ea 14 33.8874 2.4205 1.52 0.2816
D 1 1.9013 1.9013 1.19 0.3068
P * D 1 1.4450 1.4450 0.91 0.3691
S * D 1 0.3200 0.3200 0.20 0.6661
T * D 1 18.3013 18.3013 11.47 0.0095
P * S * D 1 0.0613 0.0613 0.04 0.8495
S * T * D 1 0.4513 0.4513 0.28 0.6093
P * T * D 1 3.7813 3.7813 2.37 0.1622
P * S * T * D 1 3.2513 3.2513 2.04 0.1913
Eb B 12.7625 1.5953
Note: R = Replication; P = Level of STP;
S = Level of SPI; T * Cooking Temperature; 
Ea - Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.56. Analysis of variance of sensory evaluation
scores (Phase 2) for beaniness, by panelist
2 .





R 2 0.1674 0.0837 0.84 0.4504
P 1 0.1186 0.1186 1.20 0.2925
S 1 0.1279 0.1279 1.29 0.2750
T 1 0.2668 0.2668 2.69 0.1231
P * S 1 0.0000 0.0000 0.00 1.0000
P * T 1 0.0253 0.0253 0.25 0.6215
S * T 1 0.1096 0.1096 1.11 0.3107
P * S * T 1 0.0007 0.0007 0.01 0.9341
Ea 14 1.5736 0.1124 0.92 0.5617
D 1 0.0372 0.0372 0.30 0.5902
P * D 1 0.3612 0.3612 2.96 0.1091
S * D 1 0.0031 0.0031 0.03 0.8759
T * D 1 0.0409 0.0409 0.33 0.5728
P * S * D 1 0.1605 0.1605 1.32 0.2721
S * T •k D 1 0.0361 0.0361 0.30 0.5956p * T k D 1 0.3723 0.3723 3.05 0.1043
P * S ■k T * D 1 0.0633 0.0633 0.52 0.4841
Eb 13 1.5867 0.1221
Note: R = Replication; P = Level of STP;
S = Level of SPI; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.57. Analysis of variance of sensory evaluation
scores (Phase 2) for beaniness, by panelist 
3.





R 2 0.1079 0.0540 0.19 0.8255
P 1 0.0533 0.0533 0.19 0.6678
S 1 0.6533 0.6533 2.35 0.1472
T 1 0.1519 0.1519 0.55 0.4716
P * S 1 2.3408 2.3408 8.44 0.0115
P * T 1 0.5852 0.5852 2.11 0.1685
S * T 1 0.8269 0.8269 2.98 0.1063
P * S * T 1 0.1102 0.1102 0.40 0.5387
Ea 14 3.8846 0.2775 0.91 0.5650
D 1 4.6252 4.6252 15.20 0.0013p * D 1 0.0752 0.0752 0.25 0.6259
S * D 1 1.7252 1.7252 5.67 0.0300
T * D 1 0.1633 0.1633 0.54 0.4744
P * S * D 1 0.2002 0.2002 0.66 0.4292
S * T * D 1 0.4800 0.4800 1.58 0.2272
P * T * D 1 0.3008 0.3008 0.99 0.3349
P * S * T * D 1 0.2133 0.2133 0.70 0.4148
Eb 16 4.8692 0.3043
Note: R = Replication; P = Level of STP;
S * Level of SPI; T = Cooking Temperature; 
Ea - Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.58. Analysis of variance of sensory evaluation
scores (Phase 2) for beaniness, by panelist
4.





R 2 3.2675 1.6338 1.37 0.3068
P 1 1.1226 1.1226 0.94 0.3596s 1 0.7013 0.7013 0.59 0.4645T 1 0.9429 0.9429 0.79 0.3991
P * S 1 0.6146 0.6146 0.52 0.4925p * T 1 0.4953 0.4953 0.42 0.5366
S * T 1 0.0072 0.0072 0.01 0.9398P * S * T 1 0.0272 0.0272 0.02 0.8836
Ea 10 10.3225 1.0323 13.21 0.0724
D 1 1.5314 1.5314 19.60 0.0474
p * D 1 0.9752 0.9752 12.48 0.0716
s * D 1 0.1314 0.1314 1.68 0.3241
T * D 1 0.0063 0.0063 0.08 0.8031
P * S * D 1 1.0004 1.0004 12.81 0.0700
S * T * D 1 0.1128 0.1128 1.44 0.3525
P * T * D 1 0.0000 * • •
P * S * T * D 1 0.0000 • • •
Eb 2 0.1563 0.0781
Note: R = Replication; P * Level of STP;
S = Level of SPI; T ■ Cooking Temperature; 
Ea = Experimental error for main plots.
Eb « Experimental error for subplots.
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Table D.59. Analysis of variance of sensory evaluation
scores (Phase 2) for beaniness, by panelist 
5.





R 1 0.0038 0.0038 0.20 0.6686
P 1 0.0957 0.0957 4.99 0.0607
S 1 0.0063 0.0063 0.33 0.5837
T 1 0.1070 0.1070 5.57 0.0503
P * S 1 0.1876 0.1876 9.78 0.0167
P * T 1 0.0957 0.0957 4.99 0.0607
S * T 1 0.0095 0.0095 0.49 0.5054
P * S * T 1 0.1070 0.1070 5.57 0.0503
Ea 7 0.1343 0.0192 0.22 0.9691
D 1 0.0001 0.0001 0.00 0.9768
P * D 1 0.0226 0.0226 0.26 0.6235
S * D 1 0.0007 0.0007 0.01 0.9304
T * D 1 0.0488 0.0488 0.56 0.4743p * S * D 1 0.0020 0.0020 0.02 0.8844
S * T * D 1 0.1313 0.1313 1.52 0.2532
P * T * D 1 0.1313 0.1313 1.52 0.2532p * S * T * D 1 0.2538 0.2538 2.93 0.1253
Eb 8 0.6931 0.0866
Note: R = Replication; P = Level of STP;
S = Level of SPI; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.60. Analysis of variance of sensory evaluation
scores (Phase 2) for beaniness, by panelist 
6.





R 2 0.7892 0.3946 1.34 0.2927
P 1 0.1525 0.1525 0.52 0.4831
S 1 0.4378 0.4378 1.49 0.2424
T 1 1.1551 1.1551 3.93 0.0674
p  * S 1 0.0023 0.0023 0.01 0.9301
P * T 1 0.0388 0.0388 0.13 0.7219
S * T 1 0.6458 0.6458 2.20 0.1603
P * S A T 1 0.0315 0.0315 0.11 0.7481Ea 14 4.1298 0.2950 2.61 0.0517
D 1 0.0903 0.0903 0.80 0.3891
P * D 1 0.1823 0.1823 1.61 0.2282
S * D 1 0.0113 0.0113 0.10 0.7568
T * 0 1 0.0090 0.0090 0.08 0.7826
P * S A D 1 0.2700 0.2700 2.39 0.1481
S * T A D 1 0.1103 0.1103 0.98 0.3428
P * T A D 1 0.0175 0.0175 0.15 0.7007
P * S A T * D 1 0.1733 0.1733 1.53 0.2392
Eb 12 1.3560 0.1130
Note: R = Replication; P = Level of STP;
S = Level of SPI; T * Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.61. Analysis of variance of sensory evaluation
scores (Phase 2) for beaniness, by panelist 
7.





R 2 0.1578 0.0789 0.69 0.5258
P 1 0.0940 0.0940 0.82 0.3872
S 1 0.0193 0.0193 0.17 0.6910
T 1 0.0525 0.0525 0.46 0.5145
P * S 1 0.0100 0.0100 0.09 0.7740p * T 1 0.0143 0.0143 0.12 0.7320
S * T 1 0.0315 0.0315 0.27 0.6120
P * S * T 1 0.0657 0.0657 0.57 0.4671
Ea 10 1.1499 0.1150 2.53 0.0649
D 1 0.0006 0.0006 0.01 0.9132
P * D 1 0.0076 0.0076 0.17 0.6902
S * D 1 0.0456 0.0456 1.00 0.3360
T * D 1 0.3901 0.3901 8.60 0.0126p * S * D 1 0.0005 0.0005 0.01 0.9173
S * T * D 1 0.0001 0.0001 0.00 0.9645
P * T * D 1 0.1063 0.1063 2.34 0.1518
P * S * T * D 1 0.0088 0.0088 0.19 0.6681
Eb 12 0.5444 0.0454
Note: R = Replication; P = Level of STP;
S = Level of SPI; T * Cooking Temperature; 
Ea « Experimental error for main plots.
Eb * Experimental error for subplots.
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Table D.62. Analysis of variance of sensory evaluation
scores (Phase 2) for beaniness, by panelist 
8 .





R 2 1.1017 0.5508 0.23 0.8004
P 1 3.5334 3.5334 1.46 0.2547
S 1 0.9225 0.9225 0.38 0.5507
T 1 0.0054 0.0054 0.00 0.9631
P * S 1 1.9013 1.9013 0.79 0.3962
P * T 1 0.9453 0.9453 0.39 0.5459
S * T 1 0.6328 0.6328 0.26 0.6202
P * S * T 1 0.7813 0.7813 0.32 0.5824
Ea 10 24.6946 2.4695 1.77 0.2155
D 1 1.1250 1.1250 0.81 0.3956p * D 1 2.0503 2.0503 1.47 0.2602
S * D 1 0.1953 0.1953 0.14 0.7181T * D 1 2.4200 2.4200 1.73 0.2245
P * S * D 1 3.1250 3.1250 2.24 0.1731
S * T * D 1 1.1628 1.1628 0.83 0.3882
P * T * D 1 0.6903 0.6903 0.49 0.5020
P * S * T * D 1 4.9613 4.9613 3.55 0.0962
Eb 8 11.1725 1.3966
Note: R = Replication; P = Level of STP;
S = Level of SPI; T = Cooking Temperature; 
Ea ■* Experimental error for main plots.
Eb = Experimental error for subplots.
220
Table D.63. Analysis of variance of sensory evaluationscores (Phase 2) for beaniness, by panelist
9.





R 2 11.2161 5.6081 4.09 0.0503
P 1 0.7999 0.7999 0.58 0.4625
S 1 1.0905 1.0905 0.80 0.3933
T 1 0.0000 0.0000 0.00 0.9992
P * S 1 1.4892 1.4892 1.09 0.3217
P * T 1 0.0000 0.0000 0.00 0.9965
S * T 1 0.6431 0.6431 0.47 0.5088
P * S * T 1 0.4251 0.4251 0.31 0.5898
Ea 10 10.4600 1.0460 1.49 0.4105
D 1 0.0551 0.0551 0.08 0.7974
P * D 1 0.5611 0.5611 0.80 0.4369
S * D 1 1.3230 1.3230 1.89 0.2632T * D 1 0.0145 0.0145 0.02 0.8947
P * S * D 1 0.0017 0.0017 0.00 0.9636
S * T * D 1 0.8700 0.8700 1.24 0.3465
P * T * D 1 2.7001 2.7001 3.85 0.1445P * S * T * D 1 0.0000 • • •
Eb 3 2.1031 0.7010
Note: R = Replication; P * Level of STP;
S = Level of SPI; T ■ Cooking Temperature? 
Ea - Experimental error for main plots.
Eb = Experimental error for subplots.
F
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Table D.64. Analysis of variance of sensory evaluation
scores (Phase 2) for tenderness, by panelist
1.





R 2 2.4488 1.2244 1.89 0.1882
P 1 1.1260 1.1260 1.73 0.2089
S 1 0.1975 0.1975 0.30 0.5899
T 1 1.2844 1.2844 1.98 0.1813
P * S 1 0.0001 0.0001 0.00 0.9892
P * T 1 0.9560 0.9560 1.47 0.2449
S * T 1 0.2025 0.2025 0.31 0.5853p * S * T 1 1.4003 1.4003 2.16 0.1640
Ea 14 10.7337 0.7667 0.57 0.8241
D 1 0.0908 0.0908 0.07 0.8025
P * D 1 0.9909 0.9909 0.74 0.4190
S * D 1 0.2506 0.2506 0.19 0.6789
T * D 1 0.0439 0.0439 0.03 0.8617
P * S * D 1 1.4700 1.4700 1.09 0.3304s * T * D 1 0.0614 0.0614 0.05 0.8369
P * T * D 1 0.1635 0.1635 0.12 0.7375
P * S * T * D 1 0.3803 0.3803 0.28 0.6112
Eb 7 9.4075 1.3439
Note: R * Replication; P * Level of STP;
S = Level of SPI; T - Cooking Temperature; 
Ea * Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.65. Analysis of variance of sensory evaluation
scores (Phase 2) for tenderness, by panelist 
2.





R 2 6.1119 3.0559 12.75 0.0007
P 1 0.0727 0.0727 0.30 0.5906
s 1 1.8165 1.8165 7.58 0.0155
T 1 0.3583 0.3583 1.50 0.2416
P * S 1 0.3256 0.3256 1.36 0.2632
P * T 1 0.0006 0.0006 0.00 0.9608
S * T 1 0.2648 0.2648 1.11 0.3110
P * S * T 1 2.1928 2.1928 9.15 0.0091
Ea 14 3.5573 0.2541 0.56 0.8601
D 1 4.7296 4.7296 10.35 0.0058
P * D 1 0.0373 0.0373 0.08 0.7790
S * D 1 0.5172 0.5172 1.13 0.3043
T * D 1 0.0315 0.0315 0.07 0.7965
P * S * D 1 0.0120 0.0120 0.03 0.8734
S * T * D 1 0.3840 0.3840 0.84 0.3739p * T * D 1 0.0058 0.0058 0.01 0.9121
P * S * T * D 1 0.3098 0.3098 0.68 0.4232
Eb 15 6.8565 0.4571
Note: R = Replication; P = Level of STP;
S = Level of SPI; T *= Cooking Temperature; 
Ea = Experimental error for main plots.
Eb » Experimental error for subplots.
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Table D.66. Analysis of variance of sensory evaluation
scores (Phase 2) for tenderness, by panelist3.





R 2 1.0351 0.5176 0.50 0.6157
P 1 0.8138 0.8138 0.79 0.3892
s 1 0.1938 0.1938 0.19 0.6712
T 1 0.1355 0.1355 0.13 0.7224p * S 1 0.0567 0.0567 0.06 0.8179
P * T 1 0.1355 0.1355 0.13 0.7224S * T 1 0.4701 0.4701 0.46 0.5105
P * S * T 1 0.2930 0.2930 0.28 0.6023
Ea 14 14.4291 1.0306 1.11 0.4175D 1 3.8817 3.8817 4.18 0.0578
P * D 1 0.9492 0.9492 1.02 0.3273S * D 1 0.0026 0.0026 0.00 0.9589
T * D 1 0.0013 0.0013 0.00 0.9706p * S * D 1 0.0063 0.0063 0.01 0.9354
S * T * D 1 1.5951 1.5951 1.72 0.2087P * T * D 1 1.0063 1.0063 1.08 0.3136
P * S * T * D 1 1.1255 1.1255 1.21 0.2874
Eb 16 14.8708 0.9294
Note: R = Replication; P = Level of STP;
S = Level of SPI; T * Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Table D.67. Analysis of variance of sensory evaluation
scores (Phase 2) for tenderness, by panelist4.





R 2 0.9985 0.4993 0.24 0.7893
P 1 0.4686 0.4686 0.23 0.6452
S 1 0.0000 0.0000 0.00 0.9964
T 1 0.2786 0.2786 0.14 0.7218
P * S 1 1.3881 1.3881 0.68 0.4342
P * T 1 0.1417 0.1417 0.07 0.7992
S * T 1 0.5129 0.5129 0.25 0.6302P * S * T 1 1.4198 1.4198 0.69 0.4292
Ea 10 15.5923 1.5592 2.68 0.3027
D 1 1.9600 1.9600 3.36 0.2081p * D 1 0.0156 0.0156 0.03 0.8850
S * D 1 0.1225 0.1225 0.21 0.6916
T * D 1 1.4700 1.4700 2.52 0.2532P * S * D 1 0.0459 0.0459 0.08 0.8053
S * T * D 1 1.6653 1.6653 2.86 0.2330
P * T * D 1 0.0000 • • •
P * S * T * D 1 0.0000 • • •
Eb 2 1.1656 0.5828
Note: R = Replication; P = Level of STP;
S = Level of SPI; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb - Experimental error for subplots.
Table D.68. Analysis of variance of sensory evaluation
scores (Phase 2) for tenderness, by panelist
5.





R 1 2.7028 2.7028 3.02 0.1256
P 1 0.0078 0.0078 0.01 0.9281
S 1 6.7528 6.7528 7.56 0.0285
T 1 0.7503 0.7503 0.84 0.3900
P * S 1 0.0200 0.0200 0.02 0.8853p * T 1 0.1013 0.1013 0.11 0.7463
S * T 1 10.1250 10.1250 11.33 0.0120
P * S * T 1 2.1528 2.1528 2.41 0.1646
Ea 7 6.2547 0.8935 0.88 0.5607D 1 0.4050 0.4050 0.40 0.5454P * D 1 0.3403 0.3403 0.33 0.5787
S * D 1 0.3403 0.3403 0.33 0.5787T * D 1 0.0703 0.0703 0.07 0.7991
P * S * D 1 1.8050 1.8050 1.78 0.2193S * T * D 1 1.4450 1.4450 1.42 0.2672
P * T * D 1 0.0113 0.0113 0.01 0.9188
P * S * T * D 1 0.0528 0.0528 0.05 0.8254
Eb 8 8.1275 1.0159
Note: R = Replication; P = Level of STP;
S = Level of SPI; T ■ Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.69. Analysis of variance of sensory evaluation
scores (Phase 2) for tenderness, by panelist 
6 .





R 2 1.1801 0.5901 1.18 0.3368P 1 0.0293 0.0293 0.06 0.8126s 1 1.2255 1.2255 2.45 0.1402
T 1 0.2375 0.2375 0.47 0.5024P * S 1 0.2130 0.2130 0.43 0.5250P * T 1 0.0555 0.0555 0.11 0.7442S * T 1 0.0088 0.0088 0.02 0.8967P * S * T 1 0.1021 0.1021 0.20 0.6586Ea 14 6.9543 0.4967 1.39 0.2870D 1 0.9000 0.9000 2.52 0.1385P * D 1 0.0160 0.0160 0.04 0.8360S * D 1 0.0618 0.0618 0.17 0.6850
T * D 1 0.0040 0.0040 0.01 0.9175P * S * D 1 0.0003 0.0003 0.00 0.9789S * T * D 1 0.0723 0.0723 0.20 0.6610
P * T * D 1 0.3643 0.3643 1.02 0.3326P * S * T * D 1 0.0825 0.0825 0.23 0.6395
Eb 12 4.2890 0.3574
Note: R = Replication; P * Level of STP;
S *= Level of SPI; T - Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.70. Analysis of variance of sensory evaluation
scores (Phase 2) for tenderness, by panelist 7.





R 2 6.2463 3.1232 6.15 0.0182P 1 0.1426 0.1426 0.28 0.6079S 1 0.4463 0.4463 0.88 0.3707T 1 1.7255 1.7255 3.40 0.0952P * S 1 1.2113 1.2113 2.38 0.1536P * T 1 0.0211 0.0211 0.04 0.8426S * T 1 0.3263 0.3263 0.64 0.4415P * S * T 1 0.0851 0.0851 0.17 0.6910Ea 10 5.0814 0.5081 0.82 0.6151D 1 0.0023 0.0023 0.00 0.9528P * D 1 0.4410 0.4410 0.72 0.4143s * D 1 1.2960 1.2960 2.10 0.1728T * D 1 0.1000 0.1000 0.16 0.6942p * S * D 1 1.5440 1.5440 2.50 0.1395S * T * D 1 0.0055 0.0055 0.01 0.9262p * T * D 1 0.2905 0.2905 0.47 0.5055P * S * T * D 1 0.0338 0.0338 0.05 0.8187
Eb 12 7.3994 0.6166
Note: R = Replication; P ■ Level of STP;
S - Level of SPI; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.71. Analysis of variance of sensory evaluation
scores (Phase 2) for tenderness, by panelist 
8 .





R 2 0.9579 0.4789 0.75 0.4985
P 1 1.2601 1.2601 1.97 0.1912
S 1 0.2720 0.2720 0.42 0.5296
T 1 0.2194 0.2194 0.34 0.5715
P * S 1 0.0020 0.0020 0.00 0.9571
P * T 1 0.1070 0.1070 0.17 0.6916
S * T 1 0.1188 0.1188 0.19 0.6760
P * S * T 1 0.0208 0.0208 0.03 0.8605
Ea 10 5.9035 0.5904 1.18 0.4156
D 1 1.9751 1.9751 3.95 0.0822
P * D 1 0.2032 0.2032 0.41 0.5418
S * D 1 0.0001 0.0001 0.00 0.9903
T * D 1 0.0570 0.0570 0.11 0.7446
P * S * D 1 0.0095 0.0095 0.02 0.8941
S * T * D 1 0.0751 0.0751 0.15 0.7086
P * T * D 1 0.0345 0.0345 0.07 0.7997
P * S * T * D 1 0.0001 0.0001 0.00 0.9903
Eb 8 4.0044 0.5005
Note: R - Replication; P = Level of STP;
S = Level of SPI; T * Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.72. Analysis of variance of sensory evaluation
scores (Phase 2) for tenderness, by panelist 
9.





R 2 0.1161 0.0581 0.10 0.9067
P 1 0.8742 0.8742 1.49 0.2505
S 1 0.0756 0.0756 0.13 0.7272
T 1 0.0182 0.0182 0.03 0.8637
P * S 1 2.6732 2.6732 4.55 0.0587p * T 1 0.0090 0.0090 0.02 0.9038
S * T 1 0.2256 0.2256 0.38 0.5493p * S * T 1 0.1519 0.1519 0.26 0.6221
Ea 10 6.0632 0.6063 1.31 0.4290
D 1 0.3750 0.3750 0.81 0.4197
P * D 1 0.1350 0.1350 0.29 0.6184s * D 1 0.1667 0.1667 0.36 0.5814
T * D 1 • 0.0533 0.0533 0.11 0.7517
P * S * D 1 0.3267 0.3267 0.70 0.4488
S * T * D 1 0.9075 0.9075 1.95 0.2347
P * T * D 1 0.2408 0.2408 0.52 0.5113p * S * T * D 1 0.0075 0.0075 0.02 0.9050
Eb 4 1.8575 0.4644
Note: R = Replication; P = Level of STP;
S = Level of SPI; T *■ Cpoking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
Table D.73. Analysis of variance of sensory evaluation
scores (Phase 2) for juiciness, by panelist
1 .





R 2 1.6113 0.8057 1.06 0.3737
P 1 0.8613 0.8613 1.13 0.3058
S 1 0.7351 0.7351 0.96 0.3428
T 1 0.4876 0.4876 0.64 0.4372p * S 1 0.9858 0.9858 1.29 0.2746
P * T 1 0.3369 0.3369 0.44 0.5170
S * T 1 0.3233 0.3233 0.42 0.5254
P * S * T 1 0.4395 0.4395 0.58 0.4603Ea 14 11.8710 0.8479 0.63 0.7845
D 1 0.0345 0.0345 0.03 0.8768p * D 1 2.1270 2.1270 1.58 0.2439
S * D 1 0.0413 0.0413 0.03 0.8652
T * D 1 0.0007 0.0007 0.00 0.9823
P * S * D 1 1.5976 1.5976 1.19 0.3073
S * T * D 1 0.0851 0.0851 0.06 0.8077
P * T * D 1 1.4663 1.4663 1.09 0.3268
P * S * T * D 1 1.7345 1.7345 1.29 0.2888Eb 8 10.7519 1.3440
Note: R = Replication; P * Level of STP;
S = Level of SPI; T ■ Cooking Temperature? 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.74. Analysis of variance of sensory evaluationscores (Phase 2) for juiciness, by panelist
2.





R 2 3.3854 1.6927 3.11 0.0762
P 1 0.4804 0.4804 0.88 0.3632
S 1 1.0593 1.0593 1.95 0.1846
T 1 0.0906 0.0906 0.17 0.6893
P * S 1 0.0259 0.0259 0.05 0.8303
P * T 1 0.0083 0.0083 0.02 0.9035
S * T 1 0.2071 0.2071 0.38 0.5471
P * S * T 1 2.2240 2.2240 4.09 0.0627
Ea 14 7.7062 0.5504 1.65 0.1747
D 1 2.0244 2.0244 6.05 0.0265p * D 1 0.1624 0.1624 0.49 0.4966
S * D 1 0.0159 0.0159 0.05 0.8301
T * D 1 0.1362 0.1362 0.41 0.5330
P * S * D 1 1.2733 1.2733 3.81 0.0700
S * T * D 1 1.4148 1.4148 4.23 0.0575P * T * D 1 0.2075 0.2075 0.62 0.4432
P * S * T * D 1 0.0600 0.0600 0.18 0.6778
Eb 15 5.0167 0.3344
Note: R « Replication; P *= Level of STP;
S = Level of SPI; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
F
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Table D.75. Analysis of variance of sensory evaluation
scores (Phase 2) for juiciness, by panelist
3.





R 2 0.5004 0.2502 0.24 0.7886
P 1 0.2776 0.2776 0.27 0.6128
S 1 0.0005 0.0005 0.00 0.9833
T 1 1.8213 1.8213 1.76 0.2060
P * S 1 0.0326 0.0326 0.03 0.8618
P * T 1 0.0638 0.0638 0.06 0.8076
S * T 1 0.7626 0.7626 0.74 0.4053
P * S * T 1 0.0792 0.0792 0.08 0.7862
Ea 14 14.4996 1.0357 1.01 0.4868
D 1 4.1126 4.1126 4.02 0.0623p * D 1 0.1938 0.1938 0.19 0.6694
S * D 1 0.0117 0.0117 0.01 0.9161
T * D 1 0.0026 0.0026 0.00 0.9608
P * S * D 1 0.0188 0.0188 0.02 0.8939
S * T * D 1 0.0438 0.0438 0.04 0.8388
P * T * D 1 0.1151 0.1151 0.11 0.7418
P * S * T * D 1 2.9255 2.9255 2.86 0.1104
Eb 16 16.3850 1.0241
Note: R = Replication; P *= Level of STP;
S “ Level of SPI; T “ Cooking Temperature; 
Ea = Experimental error for main plots.
Eb ■ Experimental error for subplots.
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Table D.76. Analysis of variance of sensory evaluation
scores (Phase 2) for juiciness, by panelist
4.





R 2 1.6799 0.8400 0.48 0.6356P 1 2.1220 2.1220 1.21 0.3029s 1 0.6645 0.6645 0.38 0.5550T 1 0.2188 0.2188 0.12 0.7329P * S 1 6.0238 6.0238 3.44 0.1007P * T 1 0.0005 0.0005 0.00 0.9870S * T 1 0.5670 0.5670 0.32 0.5849P * S * T 1 2.2667 2.2667 1.29 0.2881Ea 10 16.8941 1.6894 1.11 0.5618D 1 1.2939 1.2939 0.85 0.4530P * D 1 0.1139 0.1139 0.08 0.8097S * D 1 0.1914 0.1914 0.13 0.7563T * D 1 0.1938 0.1938 0.13 0.7549p * S * D 1 0.2017 0.2017 0.13 0.7502
S * T * D 1 0.8128 0.8128 0.54 0.5402p * T * D 1 0.0000 • • •
P * S * T * D 1 0.0000 • • •
Eb 2 3.0313 1.5156
Note: R « Replication; P = Level of STP?
S = Level of SPI; T * Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.77. Analysis of variance of sensory evaluation
scores (Phase 2) for juiciness, by panelist
5.





R 1 0.2450 0.2450 0.30 0.6031
P 1 0.0800 0.0800 0.10 0.7648
s 1 3.6450 3.6450 4.41 0.0739
T 1 0.0050 0.0050 0.01 0.9402
P * S 1 3.7813 3.7813 4.57 0.0698
P * T 1 1.9013 1.9013 2.30 0.1732s * T 1 0.3200 0.3200 0.39 0.5536
P * S * T 1 3.5113 3.5113 4.25 0.0783Ea 7 5.7875 0.8268 0.68 0.6890
D 1 0.0113 0.0113 0.01 0.9258
P * D 1 2.0000 2.0000 1.64 0.2361
S * D 1 1.1250 1.1250 0.92 0.3649T * D 1 3.6450 3.6450 2.99 0.1220
P * S * D 1 0.1513 0.1513 0.12 0.7338
S * T * D 1 0.5000 0.5000 0.41 0.5398p * T * D 1 0.4513 0.4513 0.37 0.5598
P * S * T * D 1 0.1013 0.1013 0.08 0.7805
Eb 8 9.7525 1.2191
Note: R « Replication; P = Level of STP;
S *= Level of SPI; T ■* Cooking Temperature; 
Ea - Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.78. Analysis of variance of sensory evaluation
scores (Phase 2) for juiciness, by panelist 
6.





R 2 5.3539 2.6769 3.38 0.0633P 1 0.1788 0.1788 0.23 0.6419
S 1 0.1733 0.1733 0.22 0.6470
T 1 0.4463 0.4463 0.56 0.4651P * S 1 0.0825 0.0825 0.10 0.7515
P * T 1 5.0026 5.0026 6.32 0.0248s * T 1 0.0980 0.0980 0.12 0.7301
P * S * T 1 0.9313 0.9313 1.18 0.2963
Ea 14 11.1010 0.7929 2.14 0.0973
D 1 0.4203 0.4203 1.13 0.3081
P * D 1 0.5290 0.5290 1.43 0.2555S * D 1 0.1238 0.1238 0.33 0.5742T * D 0.0490 0.0490 0.13 0.7226
P * S * D 1 0.5950 0.5950 1.60 0.2294
S * T ★ D 1 0.0040 0.0040 0.01 0.9190
P * T * D 1 0.0008 0.0008 0.00 0.9627
P * S * T * D 1 1.4338 1.4338 3.86 0.0729
Eb 12 4.4519 0.3710
Note: R = Replication; P - Level of STP;
S = Level of SPIy T ■; Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.79. Analysis of variance of sensory evaluation
scores (Phase 2) for juiciness, by panelist 
7.





R 2 23.6701 11.8350 41.05 0.0001P 1 3.8633 3.8633 13.40 0.0044S 1 0.0003 0.0003 0.00 0.9766T 1 0.7878 0.7878 2.73 0.1293P * S 1 0.1105 0.1105 0.38 0.5497
P * T 1 0.6050 0.6050 2.10 0.1781S * T 1 0.3721 0.3721 1.29 0.2824P * S * T 1 0.0078 0.0078 0.03 0.8725Ea 10 2.8831 0.2883 1.08 0.4411
D 1 0.0160 0.0160 0.06 0.8104P * D 1 0.1563 0.1563 0.59 0.4583S * D 1 2.5503 2.5503 9.58 0.0093T * D 1 0.0003 0.0003 0.00 0.9761
P * S * D 1 0.0000 0.0000 0.00 0.9951
S * T * D 1 0.1628 0.1628 0.61 0.4493
P * T * D 1 0.0825 0.0825 0.31 0.5879
P * S ★ T * D 1 0.0113 0.0113 0.04 0.8399
Eb 12 3.1931 0.2661
Note: R « Replication; P = Level of STP;
S = Level of SPI; T » Cooking Temperature; 
Ea ■ Experimental error for main plots.
Eb = Experimental error for subplots.
Table D.80. Analysis of variance of sensory evaluation
scores (Phase 2) for juiciness, by panelist
8.





R 2 1.8942 0.9471 0.65 0.5410
P 1 0.7351 0.7351 0.51 0.4926
S 1 0.1313 0.1313 0.09 0.7695
T 1 0.0003 0.0003 0.00 0.9891
P * S 1 0.0063 0.0063 0.00 0.9486p * T 1 0.8723 0.8723 0.60 0.4558
S * T 1 0.5823 0.5823 0.40 0.5403p * S * T 1 0.0345 0.0345 0.02 0.8805Ea 10 14.0499 1.4050 1.59 0.2602
D 1 0.0751 0.0751 0.09 0.7778P * D 1 1.1438 1.1438 1.30 0.2875S * D 1 0.0413 0.0413 0.05 0.8340T * D 1 0.0345 0.0345 0.04 0.8482p * S * D 1 0.7970 0.7970 0.90 0.3694
S * T * D 1 0.0001 0.0001 0.00 0.9927
P * T * D 1 0.8613 0.8613 0.98 0.3518p * S * T * D 1 0.2538 0.2538 0.29 0.6061
Eb 8 7.0494 0.8812
Note; R « Replication; P * Level of STP;
S = Level of SPI; T = Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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Table D.81. Analysis of variance of sensory evaluation
scores (Phase 2) for juiciness, by panelist 
9 .





R 2 0.8238 0.4119 0.64 0.5480
P 1 1.9740 1.9740 3.06 0.1107
S 1 0.2756 0.2756 0.43 0.5279
T 1 0.1406 0.1406 0.22 0.6504
P * S 1 1.2656 1.2656 1.96 0.1914
P * T 1 1.4762 1.4762 2.29 0.1611
S * T 1 0.5112 0.5112 0.79 0.3941
P * S * T 1 0.1519 0.1519 0.24 0.6378
Ea 10 8.2214 0.8221 1.16 0.4828
D 1 0.2926 0.2926 0.41 0.5562
p * D 1 0.3151 0.3151 0.44 0.5421
s * D 1 0.2109 0.2109 0.30 0.6150
T * D 1 0.0000 0.0000 0.00 0.0000
P * S * D 1 0.0551 0.0551 0.08 0.7945
S * T * D 1 0.4408 0.4408 0.62 0.4751
P * T * D 1 0.0008 0.0008 0.00 0.9743
P * S * T * D 1 0.2133 0.2133 0.30 0.6130
Eb 4 2.8450 0.7113
Note: R “ Replication? P = Level of STP?
S = Level of SPI; T * Cooking Temperature; 
Ea = Experimental error for main plots.
Eb = Experimental error for subplots.
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